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SUMMARY 
A s t u d y on some of t h e c o n t r o l l i n g i n t e r a c t i o n s i n t h e p r o d u c t i o n -
q u a l i t y - s a l e s s y s t e m h a s b e e n c o n d u c t e d t o g a i n i n s i g h t i n t o t h e complex 
company-marke t e n v i r o n m e n t . The p u r p o s e of t h e s t u d y was t o a t t e m p t t o 
e x p l a i n c y c l i c sw ings i n p r o d u c t i o n r a t e s i n t e c h n i c a l l y o r i e n t e d com­
p a n i e s t h r o u g h t h e u n d e r s t a n d i n g of t h e i m p o r t a n t v a r i a b l e s which g i v e 
t h e s y s t e m i t s dynamic b e h a v i o r . 
An i n d u s t r i a l dynamics model of t h e c o n t r o l l i n g v a r i a b l e s and 
f e e d b a c k l o o p s was h y p o t h e s i z e d . I n c l u d e d i n t h e s e v a r i a b l e s w e r e man­
agement r e a c t i o n s t o v a r i o u s p r e s s u r e s c r e a t e d by t h e s y s t e m . Thus t h e 
model c o n t a i n s n o t o n l y v a r i a b l e s r e l a t i n g t o p h y s i c a l p l a n t c a p a c i t y , 
m a r k e t s i z e , and work f o r c e , b u t a l s o management d e c i s i o n s on o v e r t i m e 
d e t e r m i n a t i o n , h i r i n g and f i r i n g w o r k e r s , and a l l o c a t i o n of s a l e s e f f o r t 
b e t w e e n s a l e s and s e r v i c e . The b e h a v i o r of each of t h e s e f a c t o r s i n 
r e l a t i o n s h i p t o o t h e r f a c t o r s d e t e r m i n e s t h e p a t t e r n s of dynamic b e h a v i o r 
e x p e r i e n c e d i n t h e s y s t e m . 
The p r o d u c t i o n - q u a l i t y - s a l e s model p o i n t e d ou t some i n t e r e s t i n g 
r e s u l t s . I t was found t h a t t h e s a l e s f o r c e and i t s b a l a n c i n g d e c i s i o n 
c r e a t e d much s y s t e m i n s t a b i l i t y . A l so i t was found t h a t t h e c o n t r o l of 
t h e p o s i t i v e f e e d b a c k l o o p i n t h e model was t h e main c o n s i d e r a t i o n i n 
g a i n i n g f i n a l s y s t e m s t a b i l i t y . U n f o r t u n a t e l y , a few v a r i a b l e s i n t h e 
s y s t e m a l l o w e d t h i s l o o p t o have dominance and c a u s e v i o l e n t o s c i l l a t o r y 
b e h a v i o r and somet imes e x p l o s i v e o s c i l l a t o r y b e h a v i o r . 
The model p o i n t s t o t h e need f o r o v e r a l l s y s t e m p l a n n i n g , 
v i i 
o r g a n i z i n g , and c o n t r o l l i n g i n o r d e r t o mesh d i v e r s e s e c t i o n s of 
b u s i n e s s i n t o a h i g h l y c o o r d i n a t e d and s t a b l e b u s i n e s s . 
CHAPTER I 
INTRODUCTION 
S e a s o n a l o r c y c l i c p a t t e r n s of b u s i n e s s h a v e c o n s t a n t l y r e c e i v e d 
c o n s i d e r a b l e management t h o u g h t and e f f o r t o v e r t h e y e a r s . To t h e 
o p e r a t i n g m a n a g e r , t h e s e c y c l e s c a u s e g r e a t c o n s t e r n a t i o n and d r a m a t i z e 
m a n a g e m e n t ' s r e l a t i v e i n a b i l i t y t o m a i n t a i n e f f e c t i v e c o n t r o l of t h e i r 
b u s i n e s s . A d m i t t e d l y , much of t h e random and c y c l i c p a t t e r n of b u s i n e s s 
i s c l e a r l y beyond t h e d i r e c t c o n t r o l of t h e o p e r a t i n g manager of an 
i n d i v i d u a l i n d u s t r i a l f i r m . However, many of t h e p o l i c i e s , d e c i s i o n s , 
and r e a c t i o n s t o p r e s s u r e s made by managers can a l s o r e s u l t i n c y c l i c 
p a t t e r n s of b u s i n e s s w i t h i n t h e company even though no such phenomenon 
e x i s t s i n t h e m a r k e t . 
I n o r d e r t o cope w i t h such u n c e r t a i n t i e s and i n s t a b i l i t y i n b u s i ­
n e s s , management h a s i n t r o d u c e d many b u f f e r - t y p e mechanisms t o r e d u c e 
t h e i m p a c t of t h e s e s e e m i n g l y u n c o n t r o l l a b l e and c o s t l y f l u c t u a t i o n s . 
T h u s , i n v e n t o r i e s a r e i n t e n d e d t o m i n i m i z e t h e n e c e s s i t y of e x a c t l y 
e q u a t i n g p r o d u c t i o n and s a l e s . Orde r b a c k l o g s a c c u m u l a t e , p r o v i d i n g t h e 
company w i t h a m a r g i n of s e c u r i t y a g a i n s t random and c y c l i c demand and 
o r d e r p l a c e m e n t . These examples and o t h e r s show m a n a g e m e n t ' s c o n c e r n 
o v e r i n s t a b i l i t y of a l l p h a s e s of t h e i r b u s i n e s s , and t h e i r e f f o r t s t o 
combat such p r o b l e m s . 
Each of t h e s e b u f f e r mechanisms when v iewed i n d e p e n d e n t l y seems 
t o l o g i c a l l y p r o v i d e t h e n e c e s s a r y c o n t r o l t o s t a b i l i z e t h e d e s i r e d 
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v a r i a b l e of i m p o r t a n c e . However , t h e sum of t h e s t a b i l i z e d p a r t s f a i l s 
t o n e c e s s a r i l y i n s u r e s t a b i l i t y of t h e w h o l e . Many b u s i n e s s e s s t i l l 
c o n t i n u e t o e x p e r i e n c e s e e m i n g l y u n e x p l a i n a b l e c y c l i c a l f l u c t u a t i o n s 
even t h o u g h c o n t r o l and b u f f e r mechanisms e x i s t . 
Such p r e c a u t i o n s and s a f e g u a r d s a s i n v e n t o r y , q u a l i t y c o n t r o l 
s y s t e m s , s a l e s q u o t a s , and b a c k l o g h a v e o f t e n b e e n imp lemen ted i n d e p e n d ­
e n t l y of e a c h o t h e r . The i m p o r t a n c e of m a n a g e r i a l r e a c t i o n s r e l a t i n g 
t h e v a r i o u s a r e a s t o g e t h e r , b o t h w i t h i n t h e f i r m and a l s o t h e i n t e r f a c e 
b e t w e e n t h e f i r m and i t s m a r k e t , h a s b e e n n e g l e c t e d . For e x a m p l e , 
m a n a g e m e n t ' s r e a c t i o n t o s e v e r i t y of p r o d u c t i o n and b a c k l o g c r i s e s can 
c r e a t e q u a l i t y c h a r a c t e r i s t i c s which i n f l u e n c e e i t h e r e f f i c i e n c y o r 
a b s o l u t e m a g n i t u d e of s a l e s e f f o r t . Changes i n s a l e s e f f o r t a l l o c a t i o n 
w i l l b e r e f l e c t e d i n c h a n g e s i n o r d e r r a t e s which a f f e c t b a c k l o g . T h e r e ­
f o r e , management r e s p o n s e t o s i t u a t i o n s i n t h e f i r m can u l t i m a t e l y a f f e c t 
c u s t o m e r ' s r e s p o n s e t o v a r i o u s c h a r a c t e r i s t i c s of t h e p r o d u c t t h r o u g h 
t h e s a l e s f o r c e . 
The p r o b l e m p e r p l e x i n g manager s of many t e c h n i c a l s a l e s o r i e n t e d 
f i r m s c e n t e r s a round f l u c t u a t i n g o r d e r r a t e s and p r o d u c t i o n r a t e s . S i n c e 
no a p p a r e n t s e a s o n a l demand e x i s t s f o r t h e p r o d u c t s , s u c h c y c l i c b e h a v i o r 
must b e c r e a t e d w i t h i n t h e framework of t h e f i r m and i t s m a r k e t . Of ten 
o n l y one f a c t o r w i l l b e t h e main d e t e r m i n a n t of w h e t h e r a s a l e s i s made 
o r n o t . T h a t i s , p r o b a b l y o n l y one f e a t u r e of t h e p r o d u c t a c t u a l l y d i f ­
f e r e n t i a t e s and c o n t r o l s t h e dynamics of one f i r m ' s p r o d u c t s a t t h e 
e x p e n s e of a n o t h e r f i r m ' s p r o d u c t s . T h r e e g e n e r a l c h a r a c t e r i s t i c s o f t e n 
r e g u l a t i n g t h e s a l e s of p r o d u c t s a r e d e l i v e r y d e l a y , p r i c e , and q u a l i t y . 
The p o s s i b l e c o n s e q u e n c e s of s e n s i t i v i t y t o any of t h e s e f a c t o r s c a n be 
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e n o r m o u s . S i n c e many t e c h n i c a l l y o r i e n t e d companies s t r e s s q u a l i t y , t h e 
v a r i o u s p o l i c i e s , p r e s s u r e s y a n d d e c i s i o n s d e t e r m i n i n g a company ' s c o n c e r n 
f o r m a i n t a i n i n g t h i s r e p u t a t i o n can c r e a t e many dynamic r e a c t i o n s b o t h 
i n t h e f i r m and i n t h e m a r k e t v i a t h e s a l e s f o r c e . D e l i v e r y d e l a y and 
p r i c e a l s o c r e a t e o t h e r management d e c i s i o n s i n s t r u m e n t a l i n c a u s i n g 
dynamic b e h a v i o r of t h e f i r m , b u t t h e s e r e a c t i o n s w i l l n o t be deemed a s 
t h e c o n t r o l l i n g f e a t u r e s of s a l e s i n t h i s s t u d y . T h e r e f o r e t h e s t u d y 
w i l l f o c u s a t t e n t i o n on t h e r e l a t i o n s h i p s which c a n c r e a t e f l u c t u a t i n g 
p r o d u c t i o n and s a l e s r a t e s b e c a u s e of m a n a g e r i a l p o l i c i e s which r e l a t e 
p r o d u c t i o n , q u a l i t y , and s a l e s . For e x a m p l e , i n t h e f i r m o v e r t i m e c a n 
b e m a r k e d l y i n c r e a s e d r e s u l t i n g i n i n c r e a s e d p r o d u c t i o n b u t d e c r e a s e d 
q u a l i t y . I n t h e m a r k e t whe re t h e s a l e s f o r c e i s a l l o c a t i n g i t s e f f o r t 
b e t w e e n o r d e r g e n e r a t i o n and s e r v i c e r e p a i r , s l i g h t c h a n g e s i n q u a l i t y 
can r e s u l t i n v a r i o u s p a t t e r n s of s a l e s , d e p e n d e n t on how t h e s a l e s m e n 
a d j u s t t h e i r e f f o r t b e t w e e n s a l e s and r e p a i r s . The c o n s i d e r a t i o n s 
n e c e s s a r y t o c o n t r o l such u n d e s i r a b l e b e h a v i o r w i l l be examined i n o r d e r 
t o g a i n i n s i g h t i n t o t h e complex s y s t e m b e h a v i o r . 
P r o b l e m s of e x a m i n i n g and c o n t r o l l i n g t h e s e l a r g e complex p r o b l e m s 
s u g g e s t a h i g h l e v e l s y s t e m s a p p r o a c h . Such an a p p r o a c h s h o u l d i n c l u d e 
a l l t h o s e f a c t o r s which a r e s i g n i f i c a n t i n p r o d u c i n g t h e o b s e r v e d 
b e h a v i o r of t h e s y s t e m . These i m p o r t a n t f a c t o r s i n c l u d e t h e o r g a n i z a ­
t i o n a l s t r u c t u r e of f lows of i n f o r m a t i o n , m a t e r i a l s , o r d e r s , and e f f o r t 
a s w e l l a s v a r i o u s d e l a y s and management p o l i c i e s which can a m p l i f y 
c e r t a i n a s p e c t s of s y s t e m b e h a v i o r . The c o o r d i n a t i o n and c o n t r o l of 
t h e s e i n t e r - d e p a r t m e n t a l a c t i v i t i e s , i n o r d e r t o be s u c c e s s f u l , must b e 
done a t t h e h i g h e s t l e v e l of management . Only t h e r e c a n t h e company 
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d e c i s i o n s and r e s p o n s e s t o p r e s s u r e s t o r e g u l a t e d e f f e c t i v e l y , and o n l y 
a t t o p management does t h e a u t h o r i t y and r e s p o n s i b i l i t y e x i s t f o r t h e 
e x e r c i s e of such p o l i c y making c o n t r o l . 
S i n c e a n a l y s i s and e x p e r i m e n t a t i o n of such complex s y s t e m s would 
b e i m p o s s i b l e i n r e a l l i f e , u s e of m a t h e m a t i c a l model t o s i m u l a t e dynamic 
b u s i n e s s a c t i v i t i e s w i l l b e h y p o t h e s i z e d and a n a l y z e d . T h e r e f o r e many 
v a r i a t i o n s and d i f f e r e n t i d e a s f o r c a u s e s of dynamic s y s t e m s b e h a v i o r 
i n t h e p r o d u c t i o n - q u a l i t y - s a l e s i n t e r f a c e can b e e x p l o r e d b o t h i n e x p e n ­
s i v e l y and r e w a r d i n g l y . 
Two main p u r p o s e s e x i s t f o r work i n t h i s a r e a . F i r s t , i n f o r m a t i o n 
r e g a r d i n g t h e i m p o r t a n c e of t h e s a l e s e f f o r t b a l a n c i n g d e c i s i o n i n t h e 
m a r k e t and i t s e f f e c t on p r o d u c t i o n i n t h e p l a n t n e e d s t o be i n v e s t i g a t e d 
t o f i n d t h o s e i m p o r t a n t v a r i a b l e s which c o n t r o l s y s t e m b e h a v i o r u n d e r 
v a r i o u s model c o n d i t i o n s . S e c o n d l y , t h e s t u d y hopes t o shed a d d i t i o n a l 
i n s i g h t i n t o t h e complex s y s t e m s n a t u r e r e l a t i n g t h e f i r m and m a r k e t . 
F u r t h e r u n d e r s t a n d i n g of t h e c o n t r o l l i n g v a r i a b l e s s h o u l d l e a d t o man­
agement improvement i n t h i s a r e a s i n c e some of t h e c o m p l e x i t i e s of t h e 
s y s t e m w i l l b e e x p l i c i t l y d e f i n e d and a n a l y z e d . 
CHAPTER I I 
LITERATURE SURVEY 
A r e v i e w of t h e l i t e r a t u r e r e v e a l s t h a t most p a s t s t u d i e s i n t h e 
f i e l d s of s a l e s and p r o d u c t i o n h a v e n e g l e c t e d t h e dynamic s y s t e m s i n t e r ­
r e l a t i o n s h i p s e x i s t i n g be tween t h e a r e a s . R a t h e r t h e l i t e r a t u r e t e n d s 
t o v i ew p r o b l e m s from an i n c r e a s i n g l y m i c r o s c o p i c v i e w , e s p e c i a l l y 
q u a n t i t a t i v e l y . Much work i n t h e a r e a of o p e r a t i o n s r e s e a r c h i s aimed 
i n t h i s d i r e c t i o n . 
Oppos ing t h i s dominan t m i c r o s c o p i c t r e n d i s t h e v i e w p o i n t of i n ­
d u s t r i a l d y n a m i c s . By t a k i n g a m a c r o s c o p i c v i ew of t h e b u s i n e s s f u n c t i o n 
and u s i n g a r e l a t i v e l y s i m p l e s i m u l a t i o n t e c h n i q u e , i n d u s t r i a l dynamics 
h a s c o n c e n t r a t e d on s y n t h e s i z i n g and a n a l y z i n g complex , dynamic s y s t e m s . 
Us ing t h e l i t e r a t u r e from t h e s e v a r i o u s a r e a s w i l l p r o v i d e t h e n e c e s s a r y 
b a c k g r o u n d f o r t h e c o m p r e h e n s i v e a n a l y s i s of t h e p r o d u c t i o n - q u a l i t y - s a l e s 
i n t e r f a c e from a b r o a d s y s t e m s a p p r o a c h . 
P e r t i n e n t work i n t h e a r e a s of s a l e s and s a l e s e f f o r t a l l o c a t i o n , 
p r o d u c t i o n , and i n d u s t r i a l dynamics w i l l be d i s c u s s e d b r i e f l y t o f a m i l ­
i a r i z e t h e r e a d e r w i t h r e c e n t a t t e m p t s t o d e s c r i b e t h e a r e a s . 
S a l e s and S a l e s E f f o r t A l l o c a t i o n 
The m a r k e t i n g and s a l e of t h e p r o d u c t c o n s t i t u t e s one of t h e 
mos t i m p o r t a n t p h a s e s of any b u s i n e s s a c t i v i t y . A l t h o u g h many books 
and a r t i c l e s h a v e b e e n d e v o t e d t o t h e t o p i c , t h e i n f o r m a t i o n u s u a l l y 
becomes so b r o a d t h r o u g h q u a l i t a t i v e g e n e r a l i z a t i o n s o r so n a r r o w 
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t h r o u g h s i m p l i f y i n g a s s u m p t i o n s , t h a t l i t t l e i n t u i t i v e u n d e r s t a n d i n g of 
t h e s y s t e m s a s p e c t s of s a l e s and s a l e s e f f o r t a l l o c a t i o n p r o c e s s e s i s 
g a r n e r e d . The s t u d i e s p u b l i s h e d d e a l w i t h s u b - t o p i c s of more complex 
s y s t e m s p r o b l e m s . The r a n g e of r e s e a r c h i n t h e s e s u b - t o p i c s s t r e t c h e s 
from M a n d e l ' s (4 ) d i s c u s s i o n of t h e q u a l i t a t i v e c h a r a c t e r i s t i c s 
n e c e s s a r y f o r s u c c e s s f u l s a l e s m a n s h i p t o such m a t h e m a t i c a l o p e r a t i o n s 
r e s e a r c h s t u d i e s done by a u t h o r s such a s Thompson and McNeal ( 9 ) , Green 
and G a l b e r t and Rob inson ( 1 ) , and S c h u s s e l ( 7 ) . Each a u t h o r f a i l s t o 
d i s c u s s and a n a l y z e t h e s y s t e m s a s p e c t s of s a l e s a s t h e y r e l a t e t o a c t u a l 
p l a n t p r o d u c t i o n . O m i t t i n g such an i m p o r t a n t c o n s i d e r a t i o n f a i l s t o 
s o l v e t h e p r o b l e m a s s o c i a t e d w i t h f l u c t u a t i o n s i n p r o d u c t i o n , q u a l i t y , 
and s a l e s c a u s e d by management p o l i c y - m a k i n g s t r u c t u r e i n each a r e a . 
P r o d u c t i o n i n a Sys tems S t r u c t u r e 
S i n c e t h e m a j o r i t y of t h e l i t e r a t u r e on p r o d u c t i o n p r o b l e m s 
e i t h e r q u a n t i f i e s o r o p t i m i z e s t i m e i n d e p e n d e n t p r o b l e m s o r d i s c u s s e s 
q u a l i t a t i v e a s p e c t s of p r o d u c t i o n , a p r o l o n g e d d i s c u s s i o n of i t s r e l e ­
v a n c e t o a dynamic s i m u l a t i o n model would be i n a p p r o p r i a t e . R a t h e r , 
t i m e d e p e n d e n t s i m u l a t i o n s t u d i e s i l l u s t r a t i n g t h e s y s t e m s n a t u r e of 
p r o d u c t i o n , s e l l i n g , o r d e r i n g and q u a l i t y w i l l be r e v i e w e d . 
Many of t h e i n t e r a c t i o n s w i t h i n t h e p r o d u c t i o n s y s t e m a r e 
examined i n t h e book I n d u s t r i a l Dynamics (2) by J a y W. F o r r e s t e r . 
F o r r e s t e r ' s t e x t d e a l s e x t e n s i v e l y w i t h t h e c o n t r o l s y s t e m s n a t u r e of 
b u s i n e s s a c t i v i t y , e s p e c i a l l y i n t h e p r o d u c t i o n s e c t o r . O t h e r s t u d i e s 
and a r t i c l e s of i n t e r e s t i n c l u d e N o r d ' s e x a m i n a t i o n of t h e P r e c i s i o n 
Company (5) and i t s p rob l em of w o r k - l o a d f l u c t u a t i o n . N o r d ' s work 
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c o n c e n t r a t e s on t h e c o n t r o l l i n g e f f e c t d e l i v e r y d e l a y h a s on t h e 
P r e c i s i o n Company d y n a m i c s . 
A c c e p t a b l e q u a l i t y i s i n i t s e l f a dynamic c o n s i d e r a t i o n when 
p l a c e d w i t h i n a s y s t e m s f ramework . R o b e r t s (6) i n s i s t s t h a t g i v e n a 
c o n s t a n t q u a l i t y , f l u c t u a t i n g r e j e c t i o n r a t e s c a n o c c u r when human 
t e s t i n g and j u d g e m e n t i s u s e d . A d d i t i o n a l work on t h e r e l a t i o n s h i p of 
p r o d u c t i v i t y and o v e r t i m e c o n s i d e r a t i o n s on q u a l i t y (10) a l s o p r o v i d e d 
i n f o r m a t i o n c o n c e r n i n g t h e p r o b l e m p r e v i o u s l y d e s c r i b e d . 
The Mode l ing P h i l o s o p h y 
The b a s i c r e s e a r c h and d e v e l o p m e n t of t h e m o d e l i n g p h i l o s o p h y 
i n d u s t r i a l dynamics was begun a t M a s s a c h u s e t t s I n s t i t u t e of Techno logy 
some 12 y e a r s ago u n d e r t h e d i r e c t i o n of P r o f e s s o r J a y W. F o r r e s t e r . 
I n h i s t e x t , he summar izes h i s r e s e a r c h a s f o l l o w s : 
I n d u s t r i a l dynamics i s a way of s t u d y i n g t h e b e h a v i o r of i n d u s ­
t r i a l s y s t e m s t o show how p o l i c i e s , d e c i s i o n s , s t r u c t u r e , and 
d e l a y s a r e i n t e r r e l a t e d t o i n f l u e n c e g rowth and s t a b i l i t y . I t 
i n t e g r a t e s t h e s e p a r a t e f u n c t i o n a l a r e a s of m a n a g e m e n t - m a r k e t i n g , 
i n v e s t m e n t , r e s e a r c h , p e r s o n n e l , p r o d u c t i o n , and a c c o u n t i n g . 
Each of t h e s e f u n c t i o n s i f r e d u c e d t o a common b a s i s by r e c o g n i z ­
i n g t h a t any economic o r c o r p o r a t e a c t i v i t y c o n s i s t s of f l ows of 
money, o r d e r s , m a t e r i a l s , p e r s o n n e l , and c a p i t a l e q u i p m e n t . These 
f i v e f lows a r e i n t e g r a t e d by an i n f o r m a t i o n n e t w o r k . I n d u s t r i a l 
dynamics r e c o g n i z e s t h e c r i t i c a l i m p o r t a n c e of t h e i n f o r m a t i o n 
n e t w o r k i n g i v i n g t h e s y s t e m i t s own dynamic c h a r a c t e r i s t i c s . (3 ) 
Us ing t h e i d e a s and c o n c e p t s d e v e l o p e d i n t h i s work e s t a b l i s h e s t h e b a s i s 
on which t o s t u d y t h e s y s t e m s i n t e r a c t i o n be tween p r o d u c t i o n - q u a l i t y -
s a l e s . 
CHAPTER I I I 
THE CONCEPTUAL MODEL 
The deve lopmen t of a c o n c e p t u a l model t o e x p l a i n p r o d u c t i o n -
q u a l i t y - s a l e s i n t e r a c t i o n s was m o t i v a t e d by t h e d e s i r e t o e x p l a i n a 
f a i r l y common p r o d u c t i o n w o r k - l o a d c u r v e . F i g u r e 1 i l l u s t r a t e s t h e 
symptoms of a s y s t e m s p r o b l e m s i n c e no r a t i o n a l e x p l a i n a t i o n f o r p e a k s 
i n p r o d u c t i o n can b e j u s t i f i e d i n a t e c h n i c a l l y o r i e n t e d p r o d u c t l i n e . 
U n i t s 
Wk 
t i m e 
F i g u r e 1 . P r o d u c t i o n Work Load Curve 
S i n c e many companies c o n s i d e r t h e m s e l v e s v e r y q u a l i t y c o n s c i o u s , a 
s i m u l a t i o n model was h y p o t h e s i z e d t o examine t h e p e r t i n e n t r e l a t i o n s h i p s 
i n t h e p r o d u c t i o n - q u a l i t y - s a l e s framework which c o u l d c a u s e t h e o b s e r v e d 
b e h a v i o r . 
The c o n t r o l l i n g f e e d b a c k l o o p s we re h y p o t h e s i z e d a s shown i n 
F i g u r e 2 . 
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F i g u r e 2 . C o n t r o l l i n g Feedback Loops 
One p o s i t i v e and t h r e e n e g a t i v e f e e d b a c k l o o p s a r e p r e s e n t e d 
which d e s c r i b e some of t h e dominan t f a c t o r s i n t h e marke t -company i n t e r ­
a c t i o n of a q u a l i t y s e n s i t i v e company. P o s i t i v e f e e d b a c k l o o p s have a 
s t e a d y g rowth o r decay c h a r a c t e r i s t i c , and an i n c r e a s e o r d e c r e a s e i n 
some v a r i a b l e i n t h e l o o p w i l l t r a v e r s e t h e l o o p and a m p l i f y t h a t d i s ­
t u r b a n c e f u r t h e r i n t h e same d i r e c t i o n . Loop number f o u r i s such a 
l o o p . N e g a t i v e f e e d b a c k l o o p s have a g o a l o r i e n t e d b e h a v i o r and any 
d e v i a t i o n from t h e d e s i r e d c o n d i t i o n i s c o u n t e r a c t e d so t h a t t h e d e s i r e d 
c o n d i t i o n i s a p p r o a c h e d . Loops o n e , two , and t h r e e a r e such l o o p s . 
I n g e n e r a l , f e e d b a c k l o o p s one and two d o m i n a t e s h o r t t e r m c y c l i c 
b e h a v i o r w h i l e l o o p s t h r e e and f o u r d o m i n a t e l o n g t e r m c h a r a c t e r i s t i c s 
of t h e s y s t e m . The two s h o r t t e rm l o o p s r e p r e s e n t c r i s i s l o o p s which 
a l l o w management t o mee t p r e s s i n g d e l i v e r y commi tments . The l o n g t e rm 
l o o p s d e s c r i b e t h e company ' s d e s i r e t o expand o r r e d u c e f i r m c a p a c i t y 
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i n r e s p o n s e t o o b s e r v e d m a r k e t c o n d i t i o n s . 
Loop number one d e s c r i b e s t h e i n t e r a c t i o n of t h e p r o d u c t i o n 
p r o c e s s from s t a r t t o f i n i s h , t h e b a c k l o g , and t h e u s e of o v e r t i m e t o 
meet s h o r t r a n g e p r o d u c t i o n g o a l s and commi tments . An h y p o t h e s i z e d 
s e n s i t i v i t y t o t h e d e v i a t i o n of t h e a c t u a l b a c k l o g i n r e f e r e n c e t o t h e 
d e s i r e d b a c k l o g c r e a t e s p r e s s u r e t o meet s h i p p i n g d e a d l i n e s t h r o u g h t h e 
u s e of e x t e n s i v e o v e r t i m e . 
Loop number two i l l u s t r a t e s t h e m a r k e t c o n s e q u e n c e s of o v e r t i m e 
a c t i v i t y i n t h e p r o d u c t i o n p r o c e s s . As i n c r e a s e d amounts of o v e r t i m e 
a r e u sed t o meet d e l i v e r y commi tmen t s , t h e a b i l i t y and d e s i r e of p r o ­
d u c t i o n w o r k e r s t o p r o d u c e a t t h e n o r m a l q u a l i t y l e v e l i s a f f e c t e d . The 
r e s u l t i n g d e c r e a s e i n q u a l i t y i n e x p e r i e n c e d i n t h r e e g e n e r a l a r e a s : 
(1) i n c o m p l e t e n e s s , (2) i n c o m p a t i b i l i t y and (3) equ ipment d e f e c t s . 
I n c o m p l e t e n e s s r e f e r s t o t h e o m i s s i o n of some i n t e g r a t e d s e c t i o n of t h e 
p r o d u c t . I n c o m p a t i b i l i t y r e f e r s t o t h e s h i p m e n t of goods which f u n c t i o n 
c o r r e c t l y i n s e c t i o n s b u t f a i l t o mesh i n t o t h e o r d e r e d i n t e g r a t e d u n i t . 
The t h i r d c a s e d e a l s w i t h t h e n o r m a l t y p e s of q u a l i t y d e f e c t s such a s 
t h o s e e x p e r i e n c e d i n d e f e c t i v e c a p a c i t o r s , r e s i s t o r s , o r o t h e r minor 
s u b - u n i t s of t h e p r o d u c t . 
S i n c e t h e p r o d u c t i o n and s a l e of a h i g h l y t e c h n i c a l p r o d u c t i s 
a s sumed , t h e s a l e of t h e p r o d u c t t h r o u g h a t e c h n i c a l l y o r i e n t e d s a l e s 
f o r c e i s c o n s i d e r e d . The s a l e s m e n h a v e a b a l a n c i n g d e c i s i o n t o make 
a c c o r d i n g t o t h e p o l i c i e s s e t f o r t h by company manda te o r i m a g e , and 
p r e s s u r e s t h e s a l e s m e n e x p e r i e n c e due t o t h e a b i l i t y t o meet s a l e s 
q u o t a s . B a s i c a l l y , t h e s a l e s m e n must a l l o c a t e e f f o r t be tween s e r v i c e 
and r e p a i r of t h e p r o d u c t and t h e g e n e r a t i o n of a d d i t i o n a l s a l e s . The 
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d e c i s i o n s which a r e a c t u a l l y m a n i f e s t e d h a v e a c o r r e s p o n d i n g e f f e c t on 
t h e o r d e r s r e c e i v e d a t t h e company a t some f u t u r e d a t e . The o r d e r s f low 
i n t o t h e company b a c k l o g which s u b s e q u e n t l y d e t e r m i n e s t h e o v e r t i m e c o n ­
s i d e r a t i o n s . The l o o p a s shown i s a n e g a t i v e f e e d b a c k l o o p s i n c e t h e 
e f f e c t s of an i n c r e a s e i n t h e b a c k l o g t r a v e r s e s t h e l o o p t o c a u s e a s u b ­
s e q u e n t r e d u c t i o n i n t h e b a c k l o g t h r o u g h t h e o r d e r r a t e . 
Loop number t h r e e , a p o s i t i v e f e e d b a c k l o o p , d e s c r i b e s manage­
m e n t ' s r e s p o n s e t o p r o l o n g e d d i f f e r e n c e s i n t h e p r o d u c t i o n r a t e and t h e 
o r d e r i n g r a t e . P r o l o n g e d d i f f e r e n c e s i n d i c a t e an i n c r e a s i n g o r d e c r e a s ­
i n g m a r k e t and p rompt s management t o i n c r e a s e o r d e c r e a s e i t s c a p a b i l i t y 
t o p r o d u c e u n i t s . Management would l i k e t o h a n d l e a l l t h e o r d e r s t h e y 
c o u l d p o s s i b l y r e c e i v e , and would l i k e t o p r o d u c e a l l such o r d e r s a t t h e 
most e f f i c i e n t o p e r a t i n g l e v e l - no o v e r t i m e , s t e a d y w o r k - l o a d s , and 
s t e a d y employment . Loop t h r e e a c t s t o a c c o m p l i s h t h i s o b j e c t i v e . 
Loop number f o u r , a n e g a t i v e f e e d b a c k l o o p , a l s o d e s c r i b e s man­
agement c a p a c i t y a c q u i s i t i o n p o l i c y . C a p a c i t y i s a c q u i r e d i n o r d e r t o 
c o r r e c t any d i f f e r e n c e i n t h e a v e r a g e o r d e r r a t e and t h e a v e r a g e p r o ­
d u c t i o n f i n i s h i n g r a t e . When t h e a v e r a g e p r o d u c t i o n f i n i s h i n g r a t e i s 
c a p a b l e of e x a c t l y m e e t i n g t h e a v e r a g e o r d e r r a t e , c a p a c i t y a c q u i s i t i o n 
i s h a l t e d . 
I n summary, l o o p s one and two i n d i c a t e t h a t t h e u s e of o v e r t i m e 
t o meet d e l i v e r y commitments u l t i m a t e l y a c t s t o keep t h e b a c k l o g i n 
b a l a n c e w i t h n o r m a l p r o d u c t i o n c a p a c i t y . Loops t h r e e and f o u r a r e l o n g 
t e r m l o o p s which c o r r e c t d i f f e r e n c e s i n t h e a v e r a g e o r d e r r a t e and t h e 
a v e r a g e p r o d u c t i o n f i n i s h i n g r a t e by t h e a c q u i s i t i o n o r r e l e a s i n g of 
c a p a c i t y . The e n t i r e s y s t e m seems t o r e a c t t o p r e s s u r e s g e n e r a t e d by 
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o b s e r v a t i o n of s y s t e m s i t u a t i o n s . A c t u a l c o n t r o l of t h e s y s t e m i s 
s u g g e s t e d t o be m a i n t a i n e d i n t h e s e p r e s s u r e r e s p o n s e mechanisms which 
c a n be r e g u l a t e d and m o d i f i e d t h r o u g h c h a n g e s i n management t e m p e r m e n t . 
The r e s o l u t i o n of t h e s y s t e m c o n f l i c t s would seem t o be d e s i r a b l e . 
CHAPTER IV 
MODEL FORMULATION 
I n o r d e r t o be c o n c i s e , t h e r e p e t i t i v e d e s c r i p t i o n of i n d i v i d u a l 
e q u a t i o n s and e q u a t i o n t y p e s w i l l be o m i t t e d from t h e body of t h e t h e s i s . 
R a t h e r a c o m p l e t e l i s t i n g of e q u a t i o n s , c o n s t a n t s , i n i t i a l c o n d i t i o n s , 
and l i s t i n g of v a r i a b l e s i s p r o v i d e d i n A p p e n d i c e s A and B. 
A q u a l i t a t i v e d e s c r i p t i o n of c o n s i d e r a t i o n s i n t h e v a r i o u s s e c t o r s 
of t h e model w i l l b e d i s c u s s e d i n t h e t e x t of t h e t h e s i s . Only t h o s e 
c o n c e p t s i n each a r e a which c o u l d p r o v i d e d r a m a t i c i n s i g h t i n t o t h e 
s y s t e m s p r o b l e m and f o r m u l a t i o n w i l l be e m p h a s i z e d . A l s o i n c l u d e d w i l l 
be a s e c t i o n a l f low d i a g r a m u s i n g t h e c o n v e n t i o n a l i n d u s t r i a l dynamics 
f low s y m b o l s . The u n d e r s t a n d i n g of e a c h s e c t o r ' s s t r u c t u r e s h o u l d 
p r o v i d e t h e r e a d e r w i t h a f i r m g r a s p of t h e model c o n s i d e r a t i o n s . The 
t o t a l i t y of t h e s e s e c t i o n a l d i a g r a m s w i l l b e found i n c o m p o s i t e form i n 
Appendix C. 
Orde r P r o c e s s i n g S e c t o r 
The p r o s p e c t i v e o r d e r s g e n e r a t e d i n t h e m a r k e t s e r v e s a s a c o n ­
v e n i e n t s t a r t i n g p o i n t f o r a n a l y s i s of t h e s y s t e m . P r o s p e c t i v e o r d e r s 
a r e o r d e r s which w i l l e v e n t u a l l y be p l a c e d w i t h t h e company a f t e r some 
p r o c e s s i n g and a p p r o p r i a t i o n d e l a y a t t h e c u s t o m e r . The p r o s p e c t i v e 
o r d e r s a c t u a l l y g e n e r a t e d w i l l be t h e sum of t h o s e p l a c e d n o r m a l l y and 
t h e d r i v i n g i n p u t f u n c t i o n . T h i s sum i s m o d i f i e d t o r e f l e c t t h e r e s u l t s 
of r e c e n t a v e r a g e s a l e s e f f o r t on o r d e r g e n e r a t i o n by t h e s a l e s m e n . 
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A f t e r some d e l a y , t h e s e p r o s p e c t i v e o r d e r s a r e p l a c e d and e n t e r 
t h e company b a c k l o g of w o r k . The b a c k l o g c o n s i s t s of a l l t h o s e o r d e r s 
which h a v e b e e n r e c e i v e d b u t n o t f i l l e d . The b a c k l o g i s s u b s e q u e n t l y 







TEST - T e s t i n p u t ( o r d e r p e r week) 
PO - P r o s p e c t i v e o r d e r s ( o r d e r s / w k ) 
AVSE - Ave. S a l e s E f f o r t (no rmal u n i t s / w k ) 
PONC - P r o s p e c t i v e O r d e r s Normal C o n s t a n t 
OR - Orde r R a t e ( o r d e r s / w k ) 
BKLG - Back log ( o r d e r s ) 
TSR - T e s t i n g and S h i p p i n g R a t e ( u n i t s / w k ) 
AOR - Average Order R a t e ( o r d e r s / w k ) 
DRO - Delay t o R e c e i v e O r d e r s (wks) 
TAO - Time t o Ave rage O r d e r s (wks) 
F i g u r e 3 . Orde r P r o c e s s i n g Flow Diagram 
C a p a c i t y A c q u i s i t i o n S e c t o r 
The d e s i r e t o e i t h e r i n c r e a s e o r r e d u c e c a p a c i t y i n t h e form of 
a d d i t i o n a l p e r s o n n e l r e s u l t s from t h e p e r c e p t i o n of d i f f e r e n c e s e x i s t i n g 
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b e t w e e n t h e a v e r a g e o r d e r r a t e and a v e r a g e p r o d u c t i o n c a p a c i t y . A 
s i m p l i f y i n g a s s u m p t i o n i n t h e model d e p i c t s p r o d u c t i o n c a p a c i t y s o l e l y 
a s a f u n c t i o n of t h e t r a i n e d work f o r c e . P h y s i c a l f a c i l i t i e s a r e assumed 
a v a i l a b l e e i t h e r by a d d i t i o n a l s h i f t work o r by a c q u i s i t i o n of more 
m a c h i n e s and e q u i p m e n t . 
Management d e c i s i o n s f o r i n c r e a s i n g o r d e c r e a s i n g t h e work f o r c e 
a r e f o r m u l a t e d a s n o n - l i n e a r r e s p o n s e s t o d i f f e r e n c e s i n t h e a v e r a g e 
o r d e r r a t e and t h e a v e r a g e p r o d u c t i o n f i n i s h i n g r a t e and t h e need t o 
f i l l t h e p r o d u c t i o n p i p e l i n e . The d i f f e r e n c e t h e n i n d i c a t e d f o r e x p a n ­
s i o n d e t e r m i n e s t h e f r a c t i o n a l i n c r e a s e o r d e c r e a s e i n t h e work f o r c e 
needed t o c o r r e c t t h e d i s p a r i t y . 
4 A 
DIFE DIFE 
F i g u r e 4 . H i r i n g and F i r i n g D e c i s i o n s 
The model s t r u c t u r e of t h i s d e c i s i o n s e c t o r and t h e work f o r c e 
s t r u c t u r e f o l l o w s . 
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WF - Work F o r c e (men) 
WH - Workers H i r e d (men/wk) 
WL - Workers L e a v i n g (men/wk) 
WIT - Workers i n T r a i n i n g 
NTW - Newly T r a i n e d Workers (men/wk) 
TWF - T r a i n e d Work F o r c e (men) 
FIWF - F r a c t i o n a l I n c r e a s e i n Work F o r c e (1 /wk) 
FDWF - F r a c t i o n a l D e c r e a s e i n Work F o r c e (1 /wk) 
DIFE - D i f f e r e n c e I n d i c a t e d f o r E x p a n s i o n ( U n i t s / s k ) 
AOR - Average Orde r R a t e ( o r d e r s / w k ) 
APFR - Ave rage P r o d u c t i o n F i n i s h i n g R a t e ( u n i t s / w k ) 
DAPFR- Delay t o Average P r o d u c t i o n F i n i s h i n g R a t e (wks) 
DTW - Delay t o T r a i n Workers (wks) 
F i g u r e 5 . C a p a c i t y A c q u i s i t i o n Flow Diagram 
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P r o d u c t i o n S e c t o r 
The p r o d u c t i o n s e c t o r can b e mode led a s a s e r i e s of t h r e e a p p r o ­
p r i a t e d e p a r t m e n t s whe re work p r o d u c t i o n p h a s e s a r e c a r r i e d o u t . The 
t h r e e s e g m e n t s s e l e c t e d r e p r e s e n t a t y p i c a l t e c h n i c a l p r o d u c t m a n u f a c t u r e r 
w h e r e many p r o d u c t s a r e made t o c u s t o m e r o r d e r : d e s i g n , p r o d u c t i o n , and 
t e s t i n g and s h i p p i n g . The r a t e s a t which t h e s e u n i t s f low from one d e ­
p a r t m e n t t o a n o t h e r i s d e t e r m i n e d by t h e d e l a y s i n h e r e n t i n c o m p l e t i n g 
each d e p a r t m e n t a l t a s k . These d e l a y s c a n b e a f f e c t e d by management 
d e c i s i o n t o u t i l i z e o v e r t i m e a c t i v i t y . 
Management o v e r t i m e p o l i c i e s u s u a l l y h a v e t h e most d r a m a t i c e f f e c t 
on r e d u c i n g t h e d e l a y s i n t h o s e a r e a s which add no t a n g i b l e s h a p e o r form 
t o t h e p r o d u c t . T e s t i n g , t h e a r e a most r e s p o n s i b l e f o r i n s u r i n g p r o d u c t 
q u a l i t y , f a l l s i n t h i s c a t e g o r y . T h e r e f o r e a p p l i c a t i o n of o v e r t i m e t o 
meet d e a d l i n e d e l i v e r i e s u s u a l l y r e d u c e s t h e t e s t i n g and s h i p p i n g d e l a y 
c o n s i d e r a b l y . P r o d u c t i o n d e l a y s a r e more r i g i d s i n c e each u n i t must be 
t h e r e s u l t of a s i m i l i a r amount of p h y s i c a l work . I n c r e a s e s i n o v e r t i m e 
e s s e n t i a l l y r e s u l t s i n n e a r l y l i n e a r d e c r e a s e s i n t h e p r o d u c t i o n d e l a y 
down t o t h e minimum p r o d u c t i o n t i m e . 
The a c t u a l r e l a t i o n s h i p s assumed b e t w e e n o v e r t i m e ( i n r a t i o form 
v e r s u s a s t a n d a r d 8 -hour d a y ) , t e s t i n g and s h i p p i n g d e l a y , and p r o d u c t i o n 
d e l a y a r e shown i n F i g u r e s 6 and 7 . 
The f low d i a g r a m f o r t h i s s e c t o r a p p e a r s i n F i g u r e 8 . 
O v e r t i m e D e t e r m i n a t i o n S e c t o r 
O v e r t i m e work t o meet s h o r t t e r m d e l i v e r y commitments r e s u l t s 
from v a r i o u s s i t u a t i o n s g e n e r a t e d by t h e s y s t e m and r e s p o n d e d t o by 
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F i g u r e 6 . T e s t i n g and S h i p p i n g F i g u r e 7 . P r o d u c t i o n De lay 
De lay v s . R a t i o v s . R a t i o 
DIFE 
APFR - Ave rage P r o d u c t i o n F i n i s h i n g R a t e ( u n i t s / w k ) 
PPM - P r o d u c t i v i t y P e r Man ( u n i t s / w k / m a n ) 
PSR - P r o d u c t i o n S t a r t i n g R a t e ( u n i t s / w k ) 
DCR - D e s i g n C o m p l e t i o n R a t e ( u n i t s / w k ) 
PFR - P r o d u c t i o n F i n i s h i n g R a t e ( u n i t s / w k ) 
TSR - T e s t i n g and S h i p p i n g R a t e ( u n i t s / w k ) 
UIE - U n i t s i n E n g i n e e r i n g ( u n i t s ) 
UIP - U n i t s i n P r o d u c t i o n ( u n i t s ) 
UTS - U n i t s i n T e s t i n g and S h i p p i n g ( u n i t s ) 
TSD - T e s t i n g and S h i p p i n g Delay (wks) 
PD - P r o d u c t i o n Delay (wks) 
EDD - E n g i n e e r i n g D e s i g n De lay (wks) 
PDM - P r o d u c t i o n De lay Minimum (wks) 
F i g u r e 8 . P r o d u c t i o n Flow Diagram 
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t h e c o n t r o l l i n g m a n a g e r s . Of t en t h e r e s p o n s e t o a p p l y o v e r t i m e r e s u l t s 
from o b s e r v e d d i f f e r e n c e s b e t w e e n t h e d e s i r e d and a c t u a l b a c k l o g . I n 
a d d i t i o n , t h e s e n s i t i v i t y t o t h a t d i f f e r e n c e i s n o n - l i n e a r s i n c e s m a l l 
p e r c e n t a g e d e v i a t i o n s c a u s e r e l a t i v e l y l i t t l e i n c r e m e n t a l p r e s s u r e i n 
c o n t r a s t t o l a r g e r p e r c e n t a g e d e v i a t i o n s and t h e i r i n c r e m e n t a l c h a n g e s . 
E q u a t i o n f o r m u l a t i o n d e s c r i b i n g t h e o v e r t i m e a p p l i c a t i o n mechanism 
t a k e s t h e form of a r a t i o d e t e r m i n e d from t h e d i v i s i o n of t h e t o t a l t e s t ­
i n g and s h i p p i n g r a t e d e s i r e d by t h e n o r m a l t e s t i n g and s h i p p i n g r a t e 
c a p a b i l i t y . The c o n v e r s i o n of t h e r a t i o t o t h e o v e r t i m e f a c t o r i s n e a r l y 
l i n e a r e x c e p t a t t h e e x t r e m e r e g i o n s of t h e r a t i o . 
F i g u r e 10 i s t h e f low d i a g r a m f o r t h e s e c t o r . 
4 
RATIO 
F i g u r e 9 . P r o d u c t i v i t y v s . R a t i o 
20 
TWF 
BKLG - Back log ( o r d e r s ) 
AOR - Average Orde r R a t e ( o r d e r s / w k ) 
DBKLG - D e s i r e d Back log ( u n i t s ) 
DIFFR - D i f f e r e n c e R a t i o ( d i m e n s i o n l e s s ) 
ADJT - Back log Ad jus tmen t Time (wks) 
BKCD - Back log C o r r e c t i o n D e s i r e d ( u n i t s / w k ) 
TTSRD - T o t a l T e s t i n g and S h i p p i n g R a t e D e s i r e d 
( u n i t s / w k ) 
NTSRC - Normal T e s t i n g and S h i p p i n g R a t e C a p a b i l i t y 
( u n i t s / w k ) 
NUTS - Normal U n i t s i n T e s t i n g and S h i p p i n g ( u n i t s ) 
RATIO - R a t i o of TTSRD t o NTSRC ( d i m e n s i o n l e s s ) 
PROD - O v e r t i m e t o I n c r e a s e P r o d u c t i v i t y ( d i m e n s i o n l e s s ) 
TSD - T e s t i n g and S h i p p i n g Delay (wks) 
PDVT - P r o d u c t i o n Delay V a r i a b l e Time (wks) 
PD - P r o d u c t i o n Delay (wks) 
PDM - P r o d u c t i o n Delay Minimum (wks) 
F i g u r e 1 0 . O v e r t i m e D e t e r m i n a t i o n Flow Diagram 
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Q u a l i t y S e c t o r 
The q u a l i t y of t h e p r o d u c t i s h y p o t h e s i z e d t o be i n v e r s e l y r e l a t e d 
t o t h e amount of o v e r t i m e worked by t h e e m p l o y e e s . I n c r e a s e d work l o a d s 
o v e r e x t e n d e d p e r i o d s c a u s e w o r k e r f a t i g u e and s u b s e q u e n t l y , l e s s h i g h 
q u a l i t y work i s p e r f o r m e d . The r e l a t i o n s h i p b e t w e e n o v e r t i m e ( p r o d u c t i ­
v i t y ) and q u a l i t y i s g i v e n b e l o w . 
QUAL 
1 . 0 4 -
. 9 4 . 
. 8 + 
. 7 4 
. 6 1.6 .8 1.0 1.2 1.4 
OVERTIME 
F i g u r e 1 1 . Q u a l i t y v s . P r o d u c t i v i t y 
I t I 
1 .8 2 . 0 
The d e f e c t i v e u n i t s a r r i v e f o r o n - s i t e i n s t a l l a t i o n a f t e r a s h i p p i n g 
d e l a y . The d e f e c t i v e u n i t s a r e d i s c o v e r e d a t t h i s p o i n t . Cus tomers 
c o n t a c t t h e s a l e s m e n when d e f e c t i v e u n i t s a r e found and i t i s t h e i r r e ­
s p o n s i b i l i t y n o t o n l y t o a c t a s l i a i s o n b e t w e e n t h e p l a n t and c u s t o m e r 
b u t a l s o s e e k t o a p p e a s e and m a i n t a i n t h e h i g h q u a l i t y r e p u t a t i o n of t h e 
f i r m and i t s p r o d u c t s . 
The s t r u c t u r e r e p r e s e n t i n g t h i s q u a l i t a t i v e d e s c r i p t i o n f o l l o w s i n 
F i g u r e 1 2 . 
22 
QUAL - Q u a l i t y ( d i m e n s i o n l e s s ) 
DEFPC - D e f e c t i v e P e r c e n t a g e ( d i m e n s i o n l e s s ) 
TSRI - T e s t i n g and S h i p p i n g R a t e I n d i c a t e d ( u n i t s / w k ) 
GSR - Good S h i p p i n g R a t e ( u n i t s / w k ) 
DSR - D e f e c t i v e S h i p p i n g R a t e ( u n i t s / w k ) 
GAR - Good A r r i v a l R a t e ( u n i t s / w k ) 
DAR - D e f e c t i v e A r r i v a l R a t e ( u n i t s / w k ) 
SGAR - Smoothed Good A r r i v a l R a t e 
SDAR - Smoothed D e f e c t i v e A r r i v a l R a t e 
RATDT - R a t i o of D e f e c t i v e t o T o t a l ( d i m e n s i o n l e s s ) 
IQSE - Impac t of Q u a l i t y on S e l l i n g E f f o r t ( d i m e n s i o n l e s s ) 
F i g u r e 1 2 . Q u a l i t y S e c t o r Flow Diagram 
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S a l e s E f f o r t S e c t o r 
Most s a l e s m e n e s s e n t i a l l y o p e r a t e u n d e r a s a l e s q u o t a o r s t a n d a r d 
g o a l of s a l e s t h a t s h o u l d be made o v e r some t i m e s p a n , u s u a l l y a mon th . 
However, a c c o r d i n g t o company w i s h e s and t h e need t o m a i n t a i n r e p u t a t i o n 
and b u i l d an i m a g e , t h e s a l e s m e n must a l l o c a t e t h e i r e f f o r t b e t w e e n 
c o m p e t i n g ends - i n t h e c a s e of t e c h n i c a l s a l e s , b e t w e e n s a l e s and r e p a i r 
( s e r v i c e ) . I f g e n e r a l company p o l i c y e m p h a s i z e s t h e m a i n t a i n i n g of r e ­
p u t a t i o n , s e r v i c e c o n s i d e r a t i o n s w i l l be f o r e m o s t i n t h e minds of s a l e s ­
men when d e f e c t i v e u n i t s a r e s e n t t o c u s t o m e r s . 
The s a l e s q u o t a i s n o t f o r g o t t e n howeve r . The s a l e s m a n h a s a 
v e r y t a n g i b l e number i n mind r e g a r d i n g t h e d o l l a r volume of s a l e s he 
l a c k s i n m e e t i n g o r o v e r s e l l i n g q u o t a . T h e r e f o r e when q u a l i t y c o n d i ­
t i o n s a r e a g a i n a c c e p t a b l e , t h e s a l e s m a n n o t o n l y t r i e s t o meet t h e 
s t a n d a r d s a l e s q u o t a b u t a l s o a t t e m p t s t o c a t c h up t h e l o s t s a l e s 
t h r o u g h e x t r a e f f o r t , c a l l i n g on r e p e a t c u s t o m e r s , o r f o l l o w i n g up t h e 
mos t p r o m i s i n g p r o s p e c t s f o r new b u s i n e s s f i r s t . 
I n e f f e c t , t h e s a l e s q u o t a u s e d by t h e p l a n t f o r p l a n n i n g p u r p o s e s 
c a u s e s e x t r e m e a m p l i f y i n g e f f e c t s i n a s a l e s m a n ' s s e l l i n g r o u t i n e . Where­
a s a no rma l s a l e s q u o t a i s e x p e c t e d from each s a l e s m a n , t h e a c t u a l s e l l ­
i n g e f f o r t f l u c t u a t e s w i d e l y a r o u n d t h i s n o r m a l . S i n c e one d e f e c t i v e 
u n i t n e c e s s i t a t e s more s a l e s m a n t i m e t h a n t h e t i m e r e q u i r e d t o make 
a n o t h e r s a l e , a s l i g h t d e c r e a s e i n p l a n t q u a l i t y i s g r e a t l y a m p l i f i e d i n 
t h e m a r k e t . The f o l l o w i n g g r a p h s i l l u s t r a t e t h e t y p e s of s i t u a t i o n s 
d e v e l o p e d i n t h e p l a n t and m a r k e t v i a t h e s a l e s f o r c e . F i g u r e 13 shows 
p r o d u c t q u a l i t y a t t h e p l a n t . F i g u r e 14 shows t h e d e l a y e d and a m p l i f i e d 
r e a c t i o n i n t h e s a l e s f o r c e ' s e f f o r t on s a l e s g e n e r a t i o n . 
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(Norma]!) 
F i g u r e 1 3 . Q u a l i t y v s . Time R e l a t i o n s h i p 
Normal 
E f f o r t 
F i g u r e 1 4 . S a l e s F o r c e E f f o r t on S a l e s v s . Time 
The shaded a r e a r e p r e s e n t s t h e amount t h e s a l e s m e n h a v e f a l l e n b e h i n d 
q u o t a due t o e x t r a s e r v i c e t i m e n e c e s s i t a t e d by d e f e c t i v e u n i t s s h i p p e d 
t o c u s t o m e r s . When q u a l i t y a g a i n becomes n o r m a l , t h e shaded a r e a i s 
e s s e n t i a l l y d i s t r i b u t e d o v e r some f u t u r e t i m e p e r i o d t o d e t e r m i n e t h e 
s a l e s r a t e n e c e s s a r y t o m a i n t a i n h i s s c h e d u l e d a v e r a g e m o n t h l y q u o t a . 
The model s t r u c t u r e d e p i c t i n g t h i s p a t t e r n i s shown be low i n 
F i g u r e 1 5 . 
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TASE - Time t o Average S e l l i n g E f f o r t (wks) 
CORSE - C o r r e c t i o n t o S e l l i n g E f f o r t (no rma l u n i t s / w k ) 
ADSE - Accumula ted D e s i r e d S e l l i n g E f f o r t (no rma l u n i t s ) 
DNSE - D e s i r e d Normal S e l l i n g E f f o r t P e r Week 
NSEPW - Normal S a l e s E f f o r t P e r Week 
ASE - A c t u a l S e l l i n g E f f o r t (normal u n i t s / w k ) 
IQSE - Impac t of Q u a l i t y on S e l l i n g E f f o r t 
( d i m e n s i o n l e s s ) 
AASE - Accumula ted A c t u a l S e l l i n g E f f o r t ( n o r m a l u n i t s ) 
AVSE - Ave rage S a l e s E f f o r t (no rma l u n i t s / w k ) 
TT - Time t o Ave rage A c t u a l S e l l i n g E f f o r t (wks) 
F i g u r e 1 5 . S a l e s E f f o r t S e c t o r Flow Diagram 
CHAPTER V 
ANALYSIS OF THE MODEL 
Model a n a l y s i s s h o u l d p r o v i d e v a l u a b l e i n s i g h t i n t o t h e complex 
s y s t e m s p r o b l e m p r e s e n t e d and s h o u l d p r o v i d e some i d e a of t h e c o n t r o l l i n g 
f e e d b a c k l o o p s u n d e r v a r i o u s model c o n d i t i o n s . The method of a n a l y s i s 
c o n d u c t e d r e c o g n i z e s t h r e e g e n e r a l a r e a s of c o n c e n t r a t i o n : (1) t h e 
p r i m a r y d e t e r m i n a n t of b e h a v i o r i s t h e f e e d b a c k l o o p , (2 ) v e r y few f e e d ­
b a c k l o o p s d o m i n a t e t h e b e h a v i o r of a s y s t e m a t any p e r i o d of t i m e , and 
(3) mechanisms t o t r a n s f e r s y s t e m dominance ( u s u a l l y n o n - l i n e a r i t i e s ) 
among t h e f e e d b a c k l o o p s e x i s t and a r e i m p o r t a n t t o u n d e r s t a n d i f we 
a r e t o u n d e r s t a n d t h e b e h a v i o r of t h e s y s t e m i t s e l f ( 8 ) . 
The p r o d u c t i o n - q u a l i t y - s a l e s model p r e s e n t e d g e n e r a t e s much of i t s 
dynamic b e h a v i o r t h r o u g h t h e p r e s s u r e o r i e n t e d r e s p o n s e s i n management 
d e c i s i o n s . The management and s a l e s d e c i s i o n s modeled h a v e l i t t l e s y s t e m 
p l a n n i n g t a k e n i n t o c o n s i d e r a t i o n . The d e c i s i o n s a r e b a s e d on p a r t i c u l a r 
a r e a s w i t h no though g i v e n t o t h e i m p a c t of t h a t f u n c t i o n on a n o t h e r . 
Such u n - c o o r d i n a t e d s y s t e m s o f t e n h a v e p r o b l e m s w i t h t h e t i m i n g and 
p h a s i n g of t h e v a r i o u s i m p o r t a n t f a c t o r s i n t h e sys t em such a s work f o r c e , 
b a c k l o g , and p r o d u c t i o n c a p a b i l i t y . Poor t i m i n g of t h e dynamic r e s p o n s e s 
i n t h e f e e d b a c k l o o p s can c r e a t e p a t t e r n s of b e h a v i o r which l e a d t o 
s t e a d y o s c i l l a t i o n s or l e a d t o p o s s i b l e e x p l o s i v e o s c i l l a t i o n s . 
The t i m e u n i t s e l e c t e d f o r i t e r a t i v e c a l c u l a t i o n s p u r p o s e s was 
one week. The number of each week w i l l be shown on a l l compute r p r i n t -
c u e s a s t h e a b s i s s a w i t h t h e v a r i a b l e s of i m p o r t a n c e b e i n g t r a c k e d o v e r 
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t i m e on t h e o r d i n a t e s c a l e . 
R e s p o n s e t o V a r i o u s I n p u t s - G e n e r a l B e h a v i o r a l A n a l y s i s 
The s p e c i f i c b e h a v i o r a l p a t t e r n s g e n e r a t e d by t h e model a r e o n l y 
somewhat d e p e n d e n t on t h e s e l e c t i o n of an i n d e p e n d e n t t e s t i n p u t , i n 
t h i s c a s e an i n c r e a s e i n p r o s p e c t i v e o r d e r s . The f l u c t u a t i n g modes of 
b e h a v i o r can b e g e n e r a t e d by t h e s y s t e m s t r u c t u r e even w i t h o u t a 
f l u c t u a t i n g i n p u t . However a c c o r d i n g t o w h e t h e r a g rowth t r e n d ( r a m p ) , 
s u d d e n i n c r e a s e ( s t e p ) , o r o t h e r i n p u t i s t e s t e d , d i f f e r e n t s t e a d y s t a t e 
v a l u e s w i l l r e s u l t a s w e l l a s s l i g h t l y d i f f e r e n t s e t t l i n g and damping 
b e h a v i o r . Even w i t h n o i s e t h e s y s t e m , by v i r t u e of i t s r e a c t i o n s t o 
p r e s s u r e and d e l a y s and i n t e g r a t i o n s , t e n d s t o a m p l i f y t h o s e c h a n g e s t o 
which i t i s s e n s i t i v e . T h e r e f o r e t h e same g e n e r a l t y p e s of b e h a v i o r a l 
modes w i l l be a p p a r e n t i n a l l r u n s . 
Two b a s i c t y p e s of i n p u t were u s e d t o t e s t t h e p r o d u c t i o n - q u a l i t y -
s a l e s m o d e l , t h e s t e p a t v a r i o u s a m p l i t u d e s and t h e ramp i n p u t . Each 
s i m u l a t i o n showed t h e f l u c t u a t i n g w o r k - l o a d c h a r a c t e r i s t i c s which were 
o r i g i n a l l y h y p o t h e s i z e d . For i l l u s t r a t i v e p u r p o s e s t h e s t e p i n p u t was 
i n v e s t i g a t e d a t t h r e e d i f f e r e n t m a g n i t u d e s : a 10% s t e p , a 20% s t e p , and 
f i n a l l y a 15% s t e p i n p u t . The 15% s t e p i n p u t f i g u r e was a r b i t r a r i l y 
c h o s e n t o be t h e d r i v i n g f u n c t i o n t h r o u g h o u t t h e r e m a i n d e r of t h e model 
a n a l y s i s . F i g u r e s 16 and 17 show t h e b a s i c model b e h a v i o r t o t h e 15% 
s t e p i n p u t i n p r o s p e c t i v e o r d e r s . Four v a r i a b l e s a r e t r a c k e d on F i g u r e 
1 6 : (1) q u a l i t y r e p r e s e n t e d by Q, (2) o r d e r r a t e r e p r e s e n t e d by 0 , (3) 
t e s t i n g and s h i p p i n g r a t e shown a s T, and (4) a v e r a g e s a l e s e f f o r t on 




b a c k l o g d e n o t e d by K, (2) d e s i r e d b a c k l o g d e n o t e d by D, and (3) t r a i n e d 
work f o r c e r e p r e s e n t e d by W. 
The 15% s t e p i n p u t i n p r o s p e c t i v e o r d e r s a t t i m e 10 i m m e d i a t e l y 
s e n d s t h e s y s t e m i n t o i t s c h a r a c t e r i s t i c modes of b e h a v i o r . The s y s t e m 
examined u s i n g t h e assumed d e l a y s and s t r u c t u r e h a s a p e r i o d of a p p r o x i ­
m a t e l y 66 w e e k s . The s y s t e m e s s e n t i a l l y r e a c h e s s t e a d y s t a t e a f t e r t h e 
f o u r t h o s c i l l a t i o n when t h e 15% s t e p i n p u t i s u s e d . A l t h o u g h compute r 
p r i n t o u t s a r e n o t i n c l u d e d i n t h e t h e s i s , c h a n g i n g of t h e i n p u t m a g n i t u d e 
o n l y a f f e c t s t h e m a g n i t u d e of t h e o s c i l l a t i o n s and t h e l e n g t h of t i m e 
b e f o r e r e a c h i n g s t e a d y s t a t e . I n c r e a s i n g t h e s t e p t o 20% r e s u l t s i n more 
v i o l e n t swings i n a l l t h e v a r i a b l e s and t h e model h a s o n l y begun t o r e a c h 
s t e a d y s t a t e a t t i m e 300 . I n c o n s t r a s t , t h e 10% s t e p i n p u t h a s l e s s 
v i o l e n t sw ings t h a n t h e 15% s t e p i n p u t and t h e model e s s e n t i a l l y r e a c h e s 
s t e a d y s t a t e a f t e r t h r e e p e r i o d s a t t i m e 2 3 0 . 
A l t h o u g h a s t e p i n p u t w i l l show a l l t h e f a c t o r s of i m p o r t a n c e and 
t h e i r b e h a v i o r , a s t e a d i l y i n c r e a s i n g f u n c t i o n i s u s e d a s t h e d r i v i n g 
f u n c t i o n i n F i g u r e 1 8 . The s y s t e m s l u g g i s h l y r e a c t s i n i t i a l l y b u t by 
t i m e 1 4 0 , t h e s y s t e m ' s dynamic b e h a v i o r a l modes a r e b e i n g r e v e a l e d . 
These a r e e s s e n t i a l l y t h e same p a t t e r n s r e s u l t i n g from t h e s t e p i n p u t s . 
I n o r d e r t o r e m a i n c o n s i s t a n t , t h e s t e p w i l l b e t h e d r i v i n g f u n c t i o n i n 
t h e r e m a i n d e r of t h e r u n s . 
R e f e r r i n g a g a i n t o F i g u r e 16 and F i g u r e 1 7 , a more d e t a i l e d 
d e s c r i p t i o n of t h e b e h a v i o r a l p a t t e r n s w i l l be p r e s e n t e d . At t i m e 10 
t h e model r e c e i v e s t h e 15% s t e p i n p u t i n p r o s p e c t i v e o r d e r s . These 
p r o s p e c t i v e o r d e r s a r e s l o w l y r e c e i v e d a t t h e p l a n t and e n t e r t h e p l a n t 
b a c k l o g . The o r d e r r a t e r e a c h e s i t s f i r s t p e a k a t t i m e 4 0 , b u t b e g i n s 
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t o d e c r e a s e when t h e s a l e s e f f o r t on s a l e s h a s d e c r e a s e d such t h a t 
p r o s p e c t i v e o r d e r s a r e f a l l i n g o f f ( t i m e 4 0 ) . From F i g u r e 17 t h e a c t u a l 
b a c k l o g c o n t i n u e s t o grow a t t i m e 40 even though t h e o r d e r r a t e i s 
d e c r e a s i n g and t h e t e s t i n g and s h i p p i n g r a t e i s i n c r e a s i n g - t h e o p p o s i t e 
of wha t i s t h e i n t u i t i v e r e s u l t . T h i s r e s u l t comes a b o u t b e c a u s e of t h e 
p h y s i c a l i n t e g r a t i o n p r o c e s s of a c c u m u l a t i n g t h e b a c k l o g . The i n t e g r a ­
t i o n p r o c e s s i m m e d i a t e l y i n t r o d u c e s a 90 d e g r e e p h a s e s h i f t b e t w e e n t h e 
l e v e l and i t s r a t e s i n a d d i t i o n t o o t h e r p h a s e s h i f t s c a u s e d by v a r i o u s 
d e l a y s . Meanwhi le t h e d i f f e r e n c e b e t w e e n t h e a c t u a l and d e s i r e d b a c k l o g 
grows and r e a c h e s a peak ( t i m e 60) a f t e r t h e b a c k l o g s i t u a t i o n h a s b e e n 
c o r r e c t e d - d e c r e a s i n g o r d e r r a t e and i n c r e a s i n g t e s t i n g and s h i p p i n g 
r a t e . The l a r g e r d i f f e r e n c e c r e a t e s p r e s s u r e s w i t h i n t h e o r g a n i z a t i o n 
t o c o r r e c t t h e e x c e s s i v e b a c k l o g . Management d e c i d e s t o u s e o v e r t i m e 
t o c o r r e c t t h e d i f f e r e n c e and meet s h o r t t e r m d e l i v e r y commi tmen t s . 
Thus from F i g u r e 1 6 , o v e r t i m e , i n d i c a t e d by * , h a s i n c r e a s e d t o 1 .25 by 
t i m e 40 and r e a c h e s 1.5 b e f o r e t h e f i r s t p e r i o d i s o v e r . 
A l t h o u g h o v e r t i m e c a n b e f l e x i b l y u sed t o meet d e l i v e r y commit­
m e n t s , i t s c o n t i n u e d u s e u s u a l l y i n d i c a t e s t h e need f o r e x p a n s i o n of t h e 
t r a i n e d work f o r c e . By f i n d i n g t h e d i f f e r e n c e i n l o n g t e r m a v e r a g e o r d e r 
r a t e and a v e r a g e p r o d u c t i o n f i n i s h i n g r a t e , management g e t s some m e a s u r e 
of d e s i r e d e x p a n s i o n and h i r e s o r f i r e s w o r k e r s a c c o r d i n g l y . From t i m e 
16 t o a p p r o x i m a t e l y t i m e 6 6 , e x p a n s i o n i s i n d i c a t e d . Note t h a t t h e 
a v e r a g e o r d e r r a t e i s d e c r e a s i n g a t i t s most r a p i d p a c e a t t h i s p o i n t . 
U n f o r t u n a t e l y t h e w o r k e r s h a v e b e e n h i r e d d u r i n g t h i s i n t e r v a l , e s p e c i a l l y 
t h e l a t t e r , a s s e e n i n F i g u r e 1 7 . Aga in a s i n t h e c a s e of t h e b a c k l o g , 
t h e l e v e l of t r a i n e d w o r k e r s c o n t i n u e s t o i n c r e a s e a l t h o u g h e x p a n s i o n 
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i s a c t u a l l y i n d i c a t e d a s n e g a t i v e . At t i m e 80 t h e number of t r a i n e d 
w o r k e r s i s a t i t s maximum v a l u e b u t t h e o r d e r r a t e i s a t i t s minimum 
v a l u e . 
The o r d e r r a t e d e c r e a s e s a s a s a l e s f o r c e r e s p o n s e t o d e c r e a s e d 
q u a l i t y s e n t t o c u s t o m e r s . When o v e r t i m e i s u s e d a t t h e p l a n t t o meet 
s h i p m e n t s ( t i m e 4 0 - 8 0 ) , t h e q u a l i t y and c r a f t s m a n s h i p of t h e work a l s o 
d e c r e a s e s . T h i s d e c r e a s e d q u a l i t y r e s u l t s i n a g r a d u a l s h i f t i n s a l e s 
f o r c e a l l o c a t i o n from s a l e s g e n e r a t i o n t o s e r v i c e r e q u i r e m e n t s . From 
t i m e 40 -66 t h e s a l e s f o r c e i n c r e a s i n g l y u s e s more t h a n no rma l t i m e on 
s e r v i c e and c o r r e s p o n d i n g l y f a l l s b e h i n d s e t s a l e s q u o t a s . As q u a l i t y 
a t t h e p l a n t and i t s d e l a y e d a p p e a r a n c e a t t h e c u s t o m e r c o n t i n u e s t o i n ­
c r e a s e , t h e s a l e s m e n s t r i v e n o t o n l y t o meet normal s a l e s q u o t a s b u t 
a l s o t o make up f o r a p o r t i o n of t h e work on s a l e s which h a s b e e n n e ­
g l e c t e d . T h u s , from t i m e 84-120 s a l e s m e n work more t h a n no rma l on s a l e s 
so a s t o meet s a l e s q u o t a s . The c y c l e c o m p l e t e s i t s e l f a t t h i s p o i n t 
and s i m i l a r c o n d i t i o n s e x i s t i n t h e model a s d i d o r i g i n a l l y . 
System B e h a v i o r With Changes i n C e r t a i n P a r a m e t e r s 
W i t h i n t h e s t r u c t u r e of t h e i n i t i a l m o d e l , c e r t a i n c o n s t a n t s , 
a v e r a g i n g t i m e s , and t a b l e n o n - l i n e a r i t i e s we re a s sumed . B e f o r e f u r t h e r 
a n a l y t i c a l and s t a t i s t i c a l t e s t s a r e needed t o d e t e r m i n e more a c c u r a t e 
d a t a , a s i m u l a t i o n t y p e of s e n s i t i v i t y a n a l y s i s was c o n d u c t e d t o f i n d 
t h o s e p a r a m e t e r s which had t h e mos t d r a m a t i c e f f e c t on b e h a v i o r . By 
c o n t r a s t i n g t h e changes i n p a r a m e t e r s w i t h t h e o r i g i n a l m o d e l , t h e e f f e c t 
of t h e p a r a m e t e r on t o t a l s y s t e m b e h a v i o r can be a s s e s s e d . 
One c r i t i c a l a r e a of t h e m o d e l , q u a l i t y , was assumed t o be a 
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f u n c t i o n of t h e amount of o v e r t i m e b e i n g u s e d t o meet d e l i v e r y commit­
m e n t s . F i g u r e 19 shows model b e h a v i o r u s i n g t h e a s s u m p t i o n t h a t q u a l i t y 
i s c o n s t a n t f o r a l l amounts of o v e r t i m e - o r where q u a l i t y may v a r y b u t 
h a v e no e f f e c t on t h e s a l e s f o r c e s ' b a l a n c i n g of e f f o r t b e t w e e n s a l e s 
and s e r v i c e . Under t h e s e two model c o n d i t i o n s , t h e t e s t i n g and s h i p p i n g 
r a t e h a s l i t t l e o v e r s h o o t and l i t t l e i n s t a b i l i t y . O v e r t i m e i n c r e a s e s 
i n i t i a l l y t o r e d u c e t h e b a c k l o g b u t t h e r e i s l i t t l e o s c i l l a t o r y b e h a v i o r 
i n o v e r t i m e a p p l i c a t i o n . F i g u r e 19 a s c o n t r a s t e d w i t h F i g u r e 16 shows 
t h a t v e r y d r a m a t i c dynamic r e s p o n s e s and b e h a v i o r p a t t e r n s a r e c r e a t e d 
i n t h e q u a l i t y - s a l e s s e c t o r . 
O t h e r r u n s n o t i n c l u d e d i n t h e t h e s i s i n d i c a t e t h a t t h e a c t u a l 
t a b l e v a l u e s assumed f o r t h e r e l a t i o n s h i p be tween o v e r t i m e ( p r o d u c t i v i t y ) 
and q u a l i t y a r e r e l a t i v e l y u n i m p o r t a n t a s l o n g a s some f a c t o r i n d i c a t e s 
t h a t q u a l i t y does d rop when o v e r t i m e i s i n c r e a s e d . A r e a s o n a b l e r a n g e 
of v a l u e s w i t h i n 20% of t h e o r i g i n a l model t a b l e shows l i t t l e e f f e c t on 
t o t a l s y s t e m p e r f o r m a n c e . 
The s a l e s e f f o r t a l l o c a t i o n s e c t o r of t h e model seems t o be 
r e l a t i v e l y i m p o r t a n t i n d e t e r m i n i n g t h e b e h a v i o r of t h e o v e r a l l m o d e l . 
The s a l e s f o r c e s ' p r i m e o b j e c t i v e i s t h e m a i n t a i n i n g of t h e " h i g h q u a l i t y 
p r o d u c t " image of t h e company w h i l e t h e s e c o n d a r y o b j e c t i v e r e m a i n s t h e 
s a l e s q u o t a . I t was found t h a t l o n g e r t r e n d s i n t h i s s e c t o r a c t u a l l y 
c a u s e d g r e a t e r i n s t a b i l i t y i n t h e s y s t e m ( F i g u r e 2 0 ) . When t h e t i m e t o 
a v e r a g e t h e s a l e s e f f o r t s ' impac t on s a l e s i s l o n g a s i n F i g u r e 20 o r 
when t h e t i m e t o a d j u s t l o s t s a l e s i n c r e a s e s , t h e o r d e r r a t e e x p e r i e n c e s 
more p r o l o n g e d t r e n d s . The i n c r e a s e d p e r i o d s c a u s e g r e a t e r a m p l i t u d e s 
t o d e v e l o p i n t h e b a c k l o g a c c u m u l a t i o n and a l s o i n t h e work f o r c e s e c t o r . 
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Because of p h a s i n g p r o b l e m s i n t r o d u c e d by t h e s e l o n g e r t r e n d s and r e ­
s u l t i n g g r e a t e r m a g n i t u d e s , c o n s i d e r a b l e o v e r and u n d e r s h o o t i n g of 
s t e a d y s t a t e v a l u e s t a k e s p l a c e . The o v e r and u n d e r s h o o t i n g can be e x ­
p l a i n e d t h r o u g h a n a l y z i n g t h e dominance of t h e d i f f e r e n t f e e d b a c k l o o p s 
and a n a l y z i n g when each h a s dominance of t h e s y s t e m . I n t h e s i t u a t i o n 
p r e s e n t e d t h e p o s i t i v e f e e d b a c k l o o p i n c a p a c i t y a c q u i s i t i o n t a k e s 
dominance of t h e e n t i r e s y s t e m and c a u s e s i n c r e a s i n g p e a k s and v a l l e y s 
i n t h e p r o d u c t i o n c y c l e . The l o o p s w i t c h e s from dominan t p o s i t i v e t o 
dominan t n e g a t i v e a s t h e l o o p m o n i t o r i n g p r o d u c t i o n f i n i s h i n g r a t e 
e i t h e r e x c e e d s t h e a v e r a g e o r d e r r a t e o r f a l l s be low t h e a v e r a g e o r d e r 
r a t e . Aga in p h a s i n g be tween t h e s e two l o o p s c r e a t e s many u n i q u e p e r ­
fo rmance p a t t e r n s when t h e y a r e r e g u l a t e d such t h a t t h e y a r e s t r i c t l y 
i n p h a s e o r s t r i c t l y o u t of p h a s e . G e n e r a l l y b o t h t h e l o n g e r a v e r a g i n g 
t i m e of s a l e s e f f o r t e f f e c t on s a l e s and t h e l o n g e r s a l e s a d j u s t m e n t 
t i m e c r e a t e some m a r g i n a l t y p e of e x p l o s i v e o s c i l l a t i o n s b e c a u s e of t h e 
p h a s e r e l a t i o n s h i p of t h e two l o o p s . 
C o n t r o l l i n g t h e dominance of t h e c a p a c i t y a c q u i s i t i o n l o o p s seems 
t o be t h e key i n t h e c o n t r o l of t h e m o d e l . W i t h o u t c o n t r o l i n t h e s e 
l o o p s , t h e s y s t e m soon would o s c i l l a t e so v i o l e n t l y t h a t t h e company 
would p r o b a b l y be f o r c e d o u t of b u s i n e s s . Two o t h e r f a c t o r s which were 
found t o h a v e an e f f e c t on e i t h e r damping t h i s l o o p o r f a i l i n g t o damp 
t h e l o o p , w e r e t h e d e l a y t o r e c e i v e p r o s p e c t i v e o r d e r s from t h e c u s t o m e r 
and t h e d e l a y t o t r a i n new e m p l o y e e s . The r e s u l t s of i n c r e a s i n g b o t h of 
t h e s e a r e shown i n F i g u r e s 21 and 2 2 . I n each c a s e t h e s y s t e m p r o g r e s s ­
i v e l y w idens t h e d i f f e r e n c e b e t w e e n t h e a v e r a g e o r d e r r a t e and t h e 
a v e r a g e p r o d u c t i o n f i n i s h i n g r a t e ( F ) , p r o d u c i n g v i o l e n t a c t i o n i n t h e 
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c a p a c i t y a c q u i s i t i o n l o o p s . 
The o r i g i n a l model had a d e q u a t e c o n t r o l of t h e c a p a c i t y a c q u i s i ­
t i o n l o o p and t h e s t e a d y s t a t e of t h e new i n p u t was r e a c h e d w i t h o u t u n ­
due o s c i l l a t i o n . However, t h e m a g n i t u d e of t h e o s c i l l a t o r y b e h a v i o r can 
be a f f e c t e d by t h e s e n s i t i v i t y t h e company h a s t o b a c k l o g a d j u s t m e n t s , 
t h a t i s , t h e t i m e t h e company t a k e s t o a d j u s t a c t u a l b a c k l o g t o t h e 
d e s i r e d b a c k l o g . I n F i g u r e 23 b e l o w , t h e o r i g i n a l model s e n s i t i v i t y and 
a h i g h and a low e s t i m a t e a r e shown. 
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The s i m u l a t i o n r u n s a p p e a r i n F i g u r e s 24 and 2 5 . The r u n w i t h t h e 
more r a p i d a d j u s t m e n t t i m e shows a much g r e a t e r amount of i n s t a b i l i t y 
t h a n t h e r u n w i t h a s low a d j u s t m e n t t i m e . These r u n s t h e n i l l u s t r a t e t h e 
t r a d e - o f f which must be made i n any t y p e of c o n t r o l s y s t e m . For g r e a t e r 
s t a b i l i t y , one must s a c r i f i c e r e s p o n s i v e n e s s ; and f o r more r e s p o n s i v e 
b e h a v i o r , one must s a c r i f i c e s t a b i l i t y . These r u n s a l s o p o i n t o u t an 
a s s u m p t i o n which h a s n o t b e e n s t r e s s e d up t o now. Tha t i s , t h e b u s i n e s s 
f i e l d m e n t i o n e d was assumed t o h a v e o n l y m i l d c o n c e r n f o r d e l i v e r y d e l a y . 
I n t h e c a s e of a s low a d j u s t m e n t t i m e , l i t t l e i n s t a b i l i t y i n t h e model i s 
s e e n b u t t h e c o r r e s p o n d i n g t i m e t o r e c e i v e an o r d e r would h a v e i n c r e a s e d . 
I n t h i s model no l o s s i n o r d e r s r e s u l t e d , which i s p r o b a b l y s l i g h t l y n o n -
d e s c r i p t i v e . The more r a p i d a d j u s t m e n t t i m e h a s t h e c h a r a c t e r i s t i c of a 
company a l s o r e s p o n s i v e t o d e l i v e r y d e l a y , a s suming t h e d e s i r e d b a c k l o g 
i s one which g e n e r a t e s a c o m p e t i t i v e d e l i v e r y d e l a y . I n t h i s i n s t a n c e 





I n o r d e r f o r t h e f i e l d of management t o show r e a l p r o g r e s s i n 
moving from an a r t t o a s c i e n c e , management must c r e a t e an u n d e r l y i n g 
framework of p r i n c i p l e s upon which a g e n e r a l u n d e r s t a n d i n g of b u s i n e s s 
s y s t e m s c a n d e v e l o p . The f o u n d a t i o n f o r t h e a d v a n c e s s h o u l d be e a s i l y 
u n d e r s t o o d by management , and s h o u l d u s e t h e e x p e r i e n c e and i n t u i t i o n of 
s u c c e s s f u l manager s i n t h e s t r u c t u r i n g of t h i s b a s e . I n c o o r d i n a t i o n 
w i t h t h e s e m a n a g e r s , t h e s c i e n c e of c o n t r o l and i t s c h a r a c t e r i s t i c s 
s h o u l d p r o v i d e t h e s c i e n t i f i c me thodo logy n e c e s s a r y t o d e s c r i b e p a t t e r n s 
of g r o w t h , o s c i l l a t i o n , and s t a g n a t i o n . 
U n t i l a me thodo logy which e x p l a i n s t h e g e n e r a l i t y of t h e c o n t r o l ­
l i n g f a c t o r s which c r e a t e dynamic b e h a v i o r i s a c c e p t e d , management w i l l 
r e m a i n a j u d g e m e n t a l p r o c e s s d e v e l o p e d o n l y t h r o u g h e x t e n s i v e p r a c t i c a l 
e x p e r i e n c e . However t h e i n c r e a s i n g need f o r g r e a t e r numbers of manage r s 
w i t h g r e a t e r c a p a b i l i t y p l a c e s an o v e r b e a r i n g n e c e s s i t y on t r a n s f e r r i n g 
t h e w e a l t h of e x p e r i e n c e and i n t u i t i o n of p r e s e n t managers t o t h e p r e s e n t 
and f u t u r e management a s p i r a n t s . At p r e s e n t , e x p e r i e n c e i s o u r o n l y 
t e a c h e r i n complex b u s i n e s s s y s t e m s d e c i s i o n m a k i n g , t h u s l i m i t i n g t h e 
p o t e n t i a l management m a r k e t t o a s m a l l g rowth r a t e of new managers of 
s u f f i c i e n t c a p a b i l i t y . I n a d d i t i o n , e x p e r i e n c e o f t e n f a i l s t o p r o v i d e 
t h e n e c e s s a r y backg round i n a n a l y z i n g dynamic b e h a v i o r of complex s y s t e m s . 
Many m a n a g e r s , a l t h o u g h t h e y have y e a r s of e x p e r i e n c e , s t i l l make d e c i s i o n s 
t o r e l i e v e p rob l ems o n l y u n d e r c r i s i s o r t h r o u g h mere g u e s s a s t o t h e 
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o u t c o m e s . Such s i t u a t i o n s a s t h e s e a r e more p r e v a l e n t t h a n many manage r s 
admi t a l t h o u g h h i s t o r y p r o v e s t h e o p p o s i t e . Many d e c i s i o n s made h a v e no 
u t l i m a t e e f f e c t on t h e p r o b l e m t h e d e c i s i o n was made t o c o r r e c t , o r i n 
some c a s e s t h e e f f e c t s p r o d u c e d a r e even d e t r e m e n t a l . T h e r e f o r e t h e 
management e x p e r i e n c e g a i n e d i s n o t n e c e s s a r i l y t h e most a d v a n t a g e o u s o r 
t h e mos t i n f o r m a t i v e . 
The p a r t i c u l a r model h o p e f u l l y i l l u s t r a t e s t h e p r o b l e m s which 
can r e s u l t (1) s p e c i f i c a l l y i n t h e i n t e r a c t i o n s of t h e p r o d u c t i o n - q u a l i t y -
s a l e s i n t e r f a c e and (2) more g e n e r a l l y i n t h e whole i d e a of management 
by s y s t e m s . The a n a l y s i s of t h e model p o i n t s o u t t h e p r o b l e m s i n t h e 
p a r t i c u l a r a r e a of p r o d u c t i o n , q u a l i t y a s i t r e l a t e s t o o v e r t i m e , and 
t h e s a l e s e f f o r t b a l a n c i n g d e c i s i o n s and i t s e f f e c t on t h e o r d e r r a t e . 
Poor c o o r d i n a t i o n of t h e s e s e p a r a t e e n t i t i e s i s c a p a b l e of c r e a t i n g 
many s e e m i n g l y u n s o l v e a b l e p r o b l e m s . These p rob l ems do h a v e s o l u t i o n s , 
b u t t h e manage r s h a v i n g t h e a u t h o r i t y and r e s p o n s i b i l i t y t o s o l v e t h e s e 
p r o b l e m s must b e w i l l i n g t o o r i e n t t h e i r t h i n k i n g i n t o s y s t e m s m e t h o d o ­
l o g y of a n a l y s i s . 
Some of t h e s p e c i f i c c o n c l u s i o n s which can be made i n l i g h t of 
t h e t h e s i s r e s e a r c h a r e n a t u r a l l y b r o a d s i n c e s y s t e m s p r o b l e m s of t h i s 
n a t u r e u s u a l l y a r e b r o a d i n s c o p e . F i r s t , t h e s y s t e m a s a who le seems 
q u i t e s e n s i t i v e t o t h e d e s i r e of t h e company t o a d j u s t t h e b a c k l o g t o 
d e s i r e d v a l u e s . High a d j u s t m e n t t i m e s c r e a t e a more s t a b l e p r o d u c t i o n -
q u a l i t y - s a l e s r e l a t i o n s h i p b u t c o u l d a l s o i n d i c a t e a more n o n - c o m p e t i t i v e 
d e l i v e r y d e l a y . C o n v e r s e l y , low a d j u s t m e n t t i m e s p r o d u c e more s y s t e m 
i n s t a b i l i t y . S e c o n d l y , t h e d e g r e e t o which t h e b a c k l o g b u i l d s and goes 
i n t o t h e n o n - l i n e a r r e g i o n of t h e b a c k l o g a d j u s t m e n t t i m e c a u s e s 
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o s c i l l a t i o n and growth c h a r a c t e r i s t i c s which a r e v i o l e n t and s e e m i n g l y 
u n c o n t r o l l a b l e . The manner i n which t h i s b a c k l o g grows i s a f f e c t e d by 
t h e i n t e g r a t i o n p r o c e s s i n h e r e n t i n a c c u m u l a t i n g t h e l e v e l of b a c k l o g . 
The b a c k l o g a c c u m u l a t i o n seems t o c a u s e e x t r e m e p r o b l e m s when t h e o r d e r 
r a t e i s l a r g e r t h a n t h e t e s t i n g and s h i p p i n g r a t e f o r p r o l o n g e d p e r i o d s 
of t i m e . T h i s s i t u a t i o n i s enhanced t h r o u g h t h e u s e of o v e r t i m e and i t s 
s u b s e q u e n t e f f e c t s on p r o d u c t i o n and on s a l e s e f f o r t a l l o c a t i o n . 
H o p e f u l l y , t h e model h a s shown t h a t a f e e d b a c k and c o n t r o l s y s t e m 
a p p r o a c h t o b u s i n e s s can and s h o u l d a lways b e c o n s i d e r e d when o p e r a t i n g 
i n any complex s o c i a l o r b u s i n e s s e n v i r o n m e n t . The f e e d b a c k and c o n t r o l 
p r o c e s s i s u n i v e r s a l i n s c o p e and t h e u n d e r s t a n d i n g of t h e i m p l i c a t i o n s 
of such a s t a t e m e n t c o u l d u l t i m a t e l y l e a d t o e f f e c t i v e c o n t r o l of many 
p h a s e s of s o c i e t y . 
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CHAPTER V I I 
RECOMMENDATIONS 
T h i s t h e s i s o n l y t o u c h e s t h e s u r f a c e of u n d e r s t a n d i n g t h e complex 
s y s t e m s b e h a v i o r i n t h e p r o d u c t i o n - q u a l i t y - s a l e s i n t e r a c t i o n . F u r t h e r 
m o d i f i c a t i o n , r e f i n e m e n t s , and e x t e n s i o n s of t h e model c o u l d l e a d t o 
new u n d e r s t a n d i n g i n t h i s a r e a . 
S u b s t a n t i a l work c o u l d b e u n d e r t a k e n i n t h e v a l i d a t i o n of t h e 
model and v a r i o u s r e l a t i o n s h i p s i n t h e model which c o u l d p r o d u c e d r a s t i c 
c h a n g e s i n s y s t e m p e r f o r m a n c e . A d d i t i o n a l t i m e c o u l d b e s p e n t c o l l e c t ­
i n g d a t a on p e r i o d s of c y c l i c a l b e h a v i o r of t e c h n i c a l l y o r i e n t e d s a l e s 
i n d u s t r i e s , t h e a m p l i t u d e s of such b e h a v i o r , t h e p h a s i n g of v a r i o u s 
r a t e s and a c c u m u l a t i o n s , and t h e g e n e r a l i z e d d e c i s i o n f u n c t i o n s which 
c o u l d b e common t o most of t h e companies e x p e r i e n c e i n g t h e same symptoms. 
I n a d d i t i o n , s p e c i f i c o p e r a t i n g d a t a on t h e s a l e s f o r c e b a l a n c i n g d e ­
c i s i o n , t h e s e n s i t i v i t y t o b a c k l o g , and h i r i n g and f i r i n g d e c i s i o n s 
c o u l d b e g a t h e r e d and t e s t e d . 
I n c o o r d i n a t i o n w i t h t h e v a l i d a t i o n of t h e m o d e l , r e s t r u c t u r e of 
some a r e a s of t h e model c o u l d l e a d t o f u r t h e r c l a r i f i c a t i o n of t h e 
c o u p l i n g mechanisms b e t w e e n t h e l o o p s and t h e manner i n which t h e l o o p s 
t r a n s f e r s y s t e m dominance . The c o u p l i n g of t h e c a p a c i t y s e c t o r t o t h e 
p r o d u c t i o n s e c t o r t h r o u g h a p r o d u c t i v i t y p e r man c o n s t a n t may be changed 
t o p r o v i d e a more r e a l i s t i c s i t u a t i o n where p r o d u c t i o n c a p a c i t y i s 
measu red i n t e r m s of b o t h employees and c a p i t a l e q u i p m e n t . The n o n ­
l i n e a r c o u p l i n g mechanism of p r o d u c t i v i t y t o t h e p r o d u c t i o n p r o c e s s 
c r e a t e s a s e t of o s c i l l a t i n g e n c l o s i n g e n v e l o p e s a round o t h e r l e v e l and 
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r a t e o s c i l l a t i o n s . The e x a c t u n d e r s t a n d i n g of more g e n e r a l t y p e s of 
n o n - l i n e a r c o u p l i n g mechanisms c o u l d be s t u d i e d t o g a i n a d d i t i o n a l 
i n s i g h t i n t o p o s s i b l e s y s t e m s p r o b l e m s c r e a t e d by such a c o n n e c t i o n i n 
t h e l o o p s . 
A p a r t from f u r t h e r e f f o r t s i n t h i s s p e c i f i c d i r e c t i o n , e x t e n s i v e 
work i n t h e s t u d y of i n d i v i d u a l g e n e r a l f e e d b a c k l o o p s s h o u l d b e u n d e r ­
t a k e n . The o b j e c t i v e of such work would b e t o a l l o w a s y s t e m d e s i g n e r 
t o q u i c k l y s y n t h e s i z e , p r e d i c t , and a n a l y z e complex s y s t e m s . A d e s i r ­
a b l e end t o such work would b e t h e deve lopmen t of g u i d e s f o r which t h e 
s y s t e m d e s i g n e r c o u l d a s k p e r t i n e n t q u e s t i o n s when t h e s y n t h e s i s of t h e 
b a s i c model i s t a k i n g p l a c e . 
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$* DOO1-O01 «DYN«IESTy2f.4fl'0*.0 I.ND DYNA TEST MODEL BY J E KNIGMT 
PRODUCT 1CN QUALITY SALES INTERACTIONS 
INPUT SECTOR 
45A T6ST.ii=ST6P( 1.50f 10) 
ORDER PROCESSING SECTOR 
18R PO.,'KL= I AVSE.K J ( PCNC-DTBST wK ) 
39R 
1L 
OR.]KL»DELAY3(P0.JK, DRQ ) 
BKLG.K»BKLG. J* GOT) (OR-JIC-TSR. JK) 
CAPACITY ACQUISITION SECTOR 




FUWF.K=TABHL(TFCWtCiFfi.Kf-200f 0, 5G) 
58 A 
7A 




















WlT.K»ii IT.'J+{CT ) (MH. JM-NTW .JK ) 
TWF-K*fWF.J*(GT)(NTW.JK-WL*JK) 















MANAGEMENT. PCUCY ON OVERTIME D TERMINATION 
12A 
2 L A 
DBKLG«K=(13)(ACR.K) 
l])I*F FR. K= ( l/CBKLG.K) ( BMLG^K—DBKL' . O 
58 A 
44A 
ADJT.K=»TABHL{TADJ# CIFBR.K.- .30 , 5, . 1) 









PROD.KaTAftHL(TRA,RATID.K, J 6 , 2 ; 0 , . 2 ) 
TSfl *XnT ABHL (T I PT »PROO.K» . 6 » 2 .Ot . 2) 
7A 
58A 
PD.!K=P[)M + PDVT«K 
PDVT.K»T ABHLlTPCV^PROu .K» . '6 , 2 t . 2 ) 
QUALITY SBCTOR 















Sl)AR.K=SDAR.J-*( CT)< 1/OSO) { DAR . JK-SDAR.' J ) 
SOAR. K-S GAR. J -t (CT1 ( 1/OSO) (;GAR. JK—SGARJ J ) 
48 A 
58A 
RATCT.'K^SDAR^K / (SBAR.W + SGAR.Ki) 
IQSE.K-TABHL(T ICj,RATD? .K . . 0 5 , «25,-.05 ) 
SALES EFFORT 9ECTOR 
7 Ft ONSE.KL=NSEPW-*0 
1L 
1L 
ADS E . K* ADS E • J-t ( CT) ( DNSE.JK+O) 
AASIE.K-AASE.J-UCTHASe.JK + O) 
2LA 
51R 




Z£.'K = 1-RATDT.K 
XX.;K=NSEPW +AAA . K 
15A 
51A 
YY.]K= INSEPW ) ( 1CSEJK)+CAAA#K)(C0RAQ.K ) 
AAA.K*GLIP(•8 ^ CCRS E.K j»CORS E . 8 ) 
58A 
3L 








































T F * * = * G 0 2 / . 0 0 4 / . 0 0 7 / . O 1 3 / . 0 2 0 
TFDW*=-^0 2 / . 0 1 3 / . O e 7 / . 0 0 4 / . C 0 2 
c 
c 













T R « * = ; 6 5 / « 8 0 / i / 1 . 3 / 1 . 6 / i ; 8 / 1 . 9 / 2 
c 
c 
T H P T * = 5 . 5 / 4 . 5 / 4 . 0 / 3 . 6 / 3 . 2 / 2 . 8 / 2 . 4 / 2 . 0 
TQ* = . 9 5 / . 9 5 / . 9 5 / . 9 3 / . 9 0 / . 8 6 / . 8 1 / . 7 5 
c 
c 
T A D J * » 1 0 / 9 / 8 / 7 / 6 / 3 / 2 / 1 / 1 




T G A D * * 0 / . 2 / . 6 / 1 . 0 
c 
c 









T S R = T , P F R * F / O R = G , F G = P / A D J T = J / A V $ E = v { 2 )/PRQE>=*( C, 2 ) . / Q U A L * 0 t J 5 § 1 1 
PLOT 
PLOT 
TWF=W/BKLG=K,CBKLG=D/UIE=i , U I P = 2 , U T S = 3 / R A T I Q = X/RA7DT = Z 
D D F E = Z / E = B / T S B = H / R C = U / A O S E = R / A A S E ^ S / C ^ R S E * M 
SPEC D T = l / L E N G T H = 3 0 0 / P R T P E R = 6 / P L T P f c R = 2 
N 
N 
EQUATION FOR PQ, WFU DSR, GSR• F I W F , D I F £ f 8 , E i Ot 
EQUATION FOR A t W F , O E F P C , QUAL » PROD„RAT10,NT SRC» ^ItilTS t f USRQ , 
C 
BKCD 
N EQUATION FOR A C J f , D I P F R , O B K L G , T S R 1 , TSO 
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APPENDIX B 
LISTING OF VARIABLES AND PARAMETERS 
AASE - Accumula ted A c t u a l S e l l i n g E f f o r t (normal u n i t s ) 
ADJT - B a c k l o g Ad jus tmen t Time (wks) 
ADSE - Accumula t ed D e s i r e d S e l l i n g E f f o r t (no rmal u n i t s ) 
AOR - A v e r a g e O r d e r s R a t e ( o r d e r s / w k ) 
APFR - A v e r a g e P r o d u c t i o n F i n i s h i n g R a t e ( u n i t s / w k ) 
ASE - A c t u a l S e l l i n g E f f o r t (no rma l u n i t s / w k ) 
AVSE - Ave rage S a l e s E f f o r t (no rma l u n i t s / w k ) 
BKCD - Back log C o r r e c t i o n D e s i r e d ( u n i t s / w k ) 
BKLG - Back log ( o r d e r s ) 
CORSE - C o r r e c t i o n t o S e l l i n g E f f o r t (no rma l u n i t s / w k ) 
DAPFR - De lay t o Average P r o d u c t i o n F i n i s h i n g R a t e (wks) 
DAR - D e f e c t i v e A r r i v a l R a t e ( u n i t s / w k ) 
DBKLG - D e s i r e d Back log ( u n i t s ) 
DCR - D e s i g n C o m p l e t i o n R a t e ( u n i t s / w k ) 
DEFPC - D e f e c t i v e P e r c e n t a g e ( d i m e n s i o n l e s s ) 
DIFE - D i f f e r e n c e I n d i c a t e d f o r E x p a n s i o n ( u n i t s / w k ) 
DIFFR - D i f f e r e n c e R a t i o ( d i m e n s i o n l e s s ) 
DNSE - D e s i r e d Normal S e l l i n g E f f o r t p e r Week 
DRO - De lay t o R e c e i v e O r d e r s (wks) 
DSD - De lay t o Smooth Shipment Q u a l i t y 
DSR - D e f e c t i v e S h i p p i n g R a t e ( u n i t s / w k ) 
DTW - De lay t o T r a i n Workers (wks) 
EDD - E n g i n e e r i n g D e s i g n Delay (wks) 
FDWF - F r a c t i o n a l D e c r e a s e i n Work F o r c e (1 /wk) 
FIWF - F r a c t i o n a l I n c r e a s e i n Work F o r c e (1 /wk) 
GAR - Good A r r i v a l R a t e ( u n i t s / w k ) 
GSR - Good S h i p p i n g R a t e ( u n i t s / w k ) 
IQSE - Impac t of Q u a l i t y on S e l l i n g E f f o r t ( d i m e n s i o n l e s s ) 
NDTS - Normal D e s i r e d T e s t i n g and S h i p p i n g R a t e 
NSEPW - Normal S a l e s E f f o r t P e r Week 
NTSRC - Normal T e s t i n g and S h i p p i n g R a t e C a p a b i l i t y ( u n i t s / w k ) 
NTW - Newly T r a i n e d Workers (men/wk) 
NUTS - Normal U n i t s i n T e s t i n g and S h i p p i n g ( u n i t s ) 
OR - O r d e r R a t e ( o r d e r s / w k ) 
PD - P r o d u c t i o n Delay (wks) 
PDM - P r o d u c t i o n Delay Minimum (wks) 
PDVT - P r o d u c t i o n De lay V a r i a b l e Time (wks) 
PFR - P r o d u c t i o n F i n i s h i n g R a t e ( u n i t s / w k ) 
PO - P r o s p e c t i v e O r d e r s ( o r d e r s / w k ) 
PONC - P r o s p e c t i v e O r d e r s Normal C o n s t a n t 
PPM - P r o d u c t i v i t y p e r Man ( u n i t s / w k / m a n ) 
PROD - O v e r t i m e t o I n c r e a s e P r o d u c t i v i t y ( d i m e n s i o n l e s s ) 
PSR - P r o d u c t i o n S t a r t i n g R a t e ( u n i t s / w k ) 
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QUA1 - Q u a l i t y ( d i m e n s i o n l e s s ) 
RATDT - R a t i o of D e f e c t i v e t o T o t a l ( d i m e n s i o n l e s s ) 
RATIO - R a t i o of TTSRD t o NTSRC ( d i m e n s i o n l e s s ) 
RR - P i p e l i n e Ad jus tmen t Time (wks) 
SDAR - Smoothed D e f e c t i v e A r r i v a l R a t e 
SGAR - Smoothed Good A r r i v a l R a t e 
ST - S h i p p i n g Time (wks) 
TADJ - T a b l e f o r Back log Ad jus tmen t Time 
TAO - Time t o Average O r d e r s (wks) 
TASE - Time t o Ave rage S e l l i n g E f f o r t (wks) 
TEST - T e s t I n p u t ( o r d e r s / w k ) 
TFDW - T a b l e f o r F r a c t i o n a l D e c r e a s e i n Work F o r c e 
TFI - T a b l e f o r F r a c t i o n a l I n c r e a s e i n Work F o r c e 
TIPT - T a b l e f o r Impac t of P r o d u c t i v i t y on T e s t i n g and S h i p p i n g De lay 
TIQ - T a b l e of Impac t of Q u a l i t y on S e l l i n g E f f o r t 
TPDV - T a b l e of P r o d u c t i v i t y De lay Minimum 
TQ - T a b l e of Q u a l i t y from P r o d u c t i v i t y 
TRA - T a b l e f o r D e t e r m i n i n g P r o d u c t i v i t y 
TSD - T e s t i n g and S h i p p i n g De lay (wks) 
TSR - T e s t i n g and S h i p p i n g R a t e ( u n i t s / w k ) 
TSRI - T e s t i n g and S h i p p i n g R a t e I n d i c a t e d ( u n i t s / w k ) 
TT - Time t o Average A c t u a l S e l l i n g E f f o r t (wks) 
TTSRD - T o t a l T e s t i n g and S h i p p i n g R a t e D e s i r e d ( u n i t s / w k ) 
TWF - T o t a l Work F o r c e (men) 
UIE - U n i t s i n E n g i n e e r i n g ( u n i t s ) 
UIP - U n i t s i n P r o d u c t i o n ( u n i t s ) 
UTS - U n i t s i n T e s t i n g and S h i p p i n g ( u n i t s ) 
WF - Work F o r c e (men) 
WH - Workers H i r e d (men/wk) 
WIF - Workers i n T r a i n i n g 
WL - Workers L e a v i n g (men/wk) 
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